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Abstract 



Method and apparatus for implementing cell-animation-looking colors as an example of non-photo- 
realistic rendering in three-dimensional model plot processing. Perspective transformations and light 
source calculations are carried out for a polygon of the three-dimensional model. Then, the luminosity of 
each apex of the polygon is calculated. In addition, the color for plotting the polygon is calculated for 
each of the luminosity ranges defined in advance. Alternatively, the colors for plotting may be calculated 
and stored in advance. Then, one of the luminosity range is selected from the luminosity ranges defined 
in advance. If the luminosity range of each pixel inside the polygon lies within the luminosity range 
selected, the pixel is plotted in the color for plotting corresponding to the luminosity range selected. By 
repeatedly performing these operations, a cell-animation-looking image is generated 
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&t/fuE# U a >^^i6l§^^nfcfetcSoX fe^rft^ 
iiuEffl 3 7f >y ^ufev^Ttm* tifcfe"e^KBIR«rJf 

jB-rsx^y^-eftscfcSrwa^-rs 2 e*o 

m&mmtiLm ic # w- s ^ £ j±« no y§ Mnj^tea 

5 ] me« uf7 fum tc> me# y =f >o 
£ *«« i: *r § w*3B 2 1 e«o b > 9 y v 0 

set *«« k *r § if 5 1 zm<D isz/jtv y 
m&m 7 ] flutes 1 * 7 
f *nft 2 xs 3 ©w« ^1/^6, -ofow 

*a 2 eko u>^u >y*ffio 

T««*tifci[f* : e*r;i/*u>^y uv^y > 

;v*c^ &nfc#»*BHKftu r fflE# y 



(2) WWFSB3 2 3 1 0 2 9^ 

tfy J>o*Dtft»cWUTW«B6*tiTt^*W*te« 
SU SK*B*(a«tcfetJ*WS^S(jE3lR*nfcW 

su^;i/t»js-r«w*oeHrtTa&4ii'&o#^ toe 

* 0 fcfJfctt & ttfcfre £ SB 3 *® 

[»*«9 3 iS3BffimrtfcEii«tiao«a<o^y=r> 
70 ■e*«*n«:3i(**7 ? ;i'«:u>^y >^r* uv^y > 

l9E»K#Sfc*fc 5 WKU^l/tf3i«?«n*»*£:^ iuE 
*y rfvOftnjSJcWLTWBESnTV^SBBftfcll 

SU SK*iB*ffl«^*3ttSWS)b^E31««nfcK 

20 ^snfcw*u^i/fc»j6-r*»fliw*&trtffE*y 

0] fi^iBrtfcE«*nflow»o#yd' 
nfefi^^v* i/ > ^ y > s ft 7 

u^A^3(S*flLft, 3>ea-*M*ffi0oJ«ftE» 
iuE^D^Ate, tuEn>lf n-^lc, 

50 5*ift#»*w*atfmE* y ^>ic 

^«>K^^nftfetcS"^v>r. fjE^y drvtcfeitsw 
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#y rfvo^WjSKJtLT^ftlteStiTV^SflBKfc:* 

HU SKSB^H^^W-SWfiA^BuEaiRSnfcW 

ytc *5 v ^ t^jcw » & nftfeT ^ma^^fiaS-r ^> ss 3 

77-7^^:, 

^ § ft £>(D Ztu 9 5 A Tfe ^> c i: «t«f« i: t" 
i, N 3Vtfa-*tt»aat)oI*6ftE»«(*o 

m&*i n «38B6iiBrt»cE«*nfioit»o*y =f 
>T««*tift5l{**x^*ix>^y >£ r T*ft«xo:7 
D^i**«ttLfc. 3>i;a-*K»*t)Rrtt*E» 

50 WE^D^AIi^ tfj|2n>e^-^tc. 
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p^7Atfe§ c i i Ettas > 

e a. - * t) pjf6*E»«f*o 

a — *»*K0Rlfil*E»«f*^e)^K^Dif'7 
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70 mESB2««K:*0B8*^^a««n*«te, IDE 

ftU^l/tc^jCt" SWSOKHrt^fcSii'&O*, iuE 
«2«tlte**)»»?«nfc?8KU^;l/fc«JE* i IMIIfc 

3 > if a - flllftB«l»fr BiK^oy? 

3><D&m&iz & » % wmc m e# y =f ><z> was 
[w*«i 7] {saswrticE«snfioa»o*y=f 

n > t! ^ - * Wt*» 0 pTfig%ES<«<*^ 5> ^R^a 
50 BuEM^ajSnfc^ay^AtctEoT. ^^S^J^^ 
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* c t * w« i: -r * a«« 0 

3 > tr a - 0 w«ais«ai»fr 6 ^is^a y ^ 
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BBX«r ffiB-T 3 «SH¥S £ . 

[000 1] 

ftlEB»ttfcH-r*o 
[0 0 0 2] 

ceo icHtsjaaKttiaaiwitftv^o 

[0 0 0 3] 

IJWftU^U^ (non-photorealistic render in 
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m 1 ow*»**ihw4{| 1 xtv7£, wm&-7£ 
20 auosT&nrte!). b 1 XT^^tmsnfcB 1 ^ 

'J =T>'*JiiB'i"*B 2 Xf *y y^^tOo 
[0 0 0 7] cnic£9flJAtf^-n— • v'x— tV> 
^<0#i*tcJ:9ff»«*i*B 1 ©Wafctf&lcJtLT'J> 

50 [0008] *m®<Dm2<Dmmicm%\s>?v>?J5 
a»ws^fe«j£#tt6nfetta^wsu^;i/ ecu* 

"*;l/*B8?-r*B 1 Xf7^i:, ^ 1 Xf^^tffiSl' 

i^snTv^s^fiica-^tr^y drv^rtffioSBiRffi 

Bfc*tt*B**t1-J(U SK£BB(fMlc*tt£Wft 

40 fttf#y ^>tc : P«)KS«nfcfefc»-5<feTaKB* 
[ 0 0 0 9 ] B 1 Rtf SB 2Xf7^1 Bf£»*fT^ti 

©R/StfBOjS-tHf. 5By=f>rt«^ ¥»£*?tift 

[0 0 10] *8S80a2 0lttlluS^TB, 
50 fcB 1 Xf7^SBfiM;i/tfI«?ft*«lc, B»?« 
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[0 0 1 1] *fc, *«BBO*2©tW»c*^Ta:. ± 
±T*izE^fcff§2Xx*y:7£:> SlXf7 7T«^ 
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[0 0 14] #»W<0*3tO«**C«*, fiSSMrt^ 

u>$ry v^-rs u>^y * y =r>«^, 

##y rJ>#«B?fts^#«*B» i ©B(t»**tt 
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[0 0 15] Sfc*56W<0*4<D««tC«SU>^y > 

ft&tMOJ :J>te^a&l^snfcfefc«^<fe"T?MSKB 
[0 0 16] *58W^lBLU r »2<0!»aJc«SU>'^ 
■e^c^lc^tK ±t?JS^fcUV^y>^ffifcl^«© 

^ y > ic mm * a: 5 ic * * » 

[0 0 17] *fe^o»5^l»W*:«S. fiEBffilBrtte 

# y =r >*jaH-r 2 ^ *nft2 j £z>fc&<D 

[0 0 18] *fc*5M80S60!Ba»c«SU>^y> 
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[0 0 19] *58BB(0S5&««6O»*t«S^ay 

50 ^ey^-hy^^ ^y. K-r^x^^Hcoieii 
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[00 2 1] «6fc*SM80*7 0j|R*U:«S. 

H\ ^yraVSlc, ^UiV^ES 

[00 2 2] Sft*«WO*8 0j»*iC«Sy-A«ll 
(4, ^^tfjL-^^Hfr^^S^n^ 
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r3<feTSM***iBlt"«ani«llii:*ltaii***o 

[0 0 2 3] «&»c*»wo»9o««^«*y-^* 

{t^e»SK^Dy-5A«rBt*a-r¥Si:. ifc#fcB*ftfc 
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[0 0 2 4] *«W<0» l 0©«R«u:««y— 
(4. nvtf^-^i:. nven-^tcHtT^^^^a^ 

[0 0 2 5] 

^ A tc <}: 0 fifirr S «^tc fe^T n > Vf - 
* • /P^A^Tt^^V^a-^ 1 0 0 0<D— 011 

1 izynTo nvifa.— * l o o oituz/VzL — 
ft 1 0 l *<&A/?S5 0 , ^<Duz/\£=L — $^fo l 0 l 

*<ort8B^*i i 9tcaa*nfc«iMaswi o 

3. **y 1 0 5. A-Hf-fX^ • F5>T/HDD 1 
1 K CD-ROMK5>f7l 1 3. — 

-xi i 5. Rtf-r:/*— 7x-x»i i 7*«tTo 

[0 0 2 6] CC0n>tf^L — ^*{*1 o i 

0 9ttxe-*-T**iJ-*>FH!*8i 1 2 5 
(c, y77^'^xffll»i l l tiSf>iffiSttSS 
aaiB 1 2 1 te»«StlT^* 0 Sft* CD-ROMF 
1 3t«CD-ROMl 3 1 *3£»M#£o il 
fI>T>£— yjL— X 1 1 5t4**y h7-^ l 5 1 £941 

40 7 1 6 1 ^gi^ntl^c 

[0 0 2 7]iS»103^ CPU^>ROM4H 
HDD 1 0 7^>C D-ROM 1 3 1 ±tc^*ft^ 

«T9c ^y i o 5(4, assa^isp i o 307-^x 

V7X*2t>2>o HDD 10 7(4. T'a l±*p'r—&%:U 
(4, tajWBSSPl 0 3ic4^R^ntl^/D^7A 

50 *a*-r*o 
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[0028] tr?7 4v>?7s9mffi \ i i«. «JM&a 

§151 0 3fr6J±^2n5«B#^Cfi£^T> i^SI 1 
D-ROM K^-r f 1 1 3 ti. CD-ROM 1 3 1 _LGD 

xi 1 5«, mmmwi 4 i%^tt*^h7^ 1 5 
*u 1 ostctb^u ««aaan 0 3^m«fRL 

[0 0 2 9] *58fflJc«S7 p P^Aa0T r -^«»«) 
PMCD-ROM 1 3 UJlf2«^tlTV^o ^LT. 

$T5 LlkXf'T-— * ttWrWHc CD-ROM F 5 
-fT'l 1 31CJ: OM^m^tlT, ^^6U 1 0 51CD-K 

^n^o »«aa»i 0 3"«**y 1 0 stca-Ksn 

7c, *5Sfl8Jc«a^D^i*aif'r— **«!£IU 3SB 

^HWa-r— ^Ci^^U 1 0 5tcieig^ni)o 4^7^ 
^Xi&aSS 1 1 1 «iRKJftS8B 1 0 3 6 ©JBBiffo* 
IcfifoTfl&a^rL. I/^&I 1 2 1 ©I^MIC^^ 

[0 0 3 0] »CH 1 \C7&iitirz? s 77'(vZ7s9m& 

1 1 1 cD-fiR|«:H2*fflV>Tl¥ffllcKWrSo i^57-f 

•y^xaaan 1 1^ was^xi 1 9 

**5>*X»Jffl«2 0 1 . ^XS»J8HSP2 0 1 £t-2<D*$> 
K>mK>^fi^^^M^2 0 7RtfHft#»i»fl3!»2 

0 5. H£j7g«aB$aaSfl2 0 5fr60<r— ^SrSttlfcO 
ffl.a*^S8'rsif*-fe^ , 9— *ttS8B2 0 9, #Bfg<0 
Zfit€rlS*flbfioVf *-fe;l/*^"-«iaffl5 2 0 9£<fc 
fflSnSZ/^77 2 1 K Rtf£*-fe;l/:fc "7-^918$ 

2 0 9)b^O^Iffifflf-?*fi»t 5 7 U-A • ^ 
7772 1 3fc«r-g-tTo **5. 7U-A-;W772 1 

[0 0 3 1] ^-5 7^y*Xffl.affl5l 1 1<0^X8HJ»6B 

2 o ni. iftiwaaffi i o 3fr&m*sttfc«iirtM** 

rtSP^Xl 1 9t^LT»IU ^97-<y*xaa«B 

1 1 1 rt<0«*5j»IWB2 0 7Xtt=ft»«H*aa«2 0 
5lCffi^*r^>o *f^c£oTte> 2 0 7XJi 

H^jgjSBiaaa5 2 o 5©m2j*rtSB^x i 1 9^/tl 
T^-ty i o 5tctb^"r^fci6osaa^rt>tT*5c ^fas? 

*W2 0 7tt. ftflOeft, ft«ft-J(* EWE* ffi/hlfcfc* 

[0 0 3 2] 0 Hft»#Ud 

fctf 5 So bT*fc;l/*7-Haa« 

2 0 9tt, =ftJg«Si®5Baffl5 2 o s^a-rsHftjg* 

^777 2 1 3 (C^iSfi^S^fro CC0(S> Z'^y 
77 2 1 1 «r0gfflLTI»ffirfi^«:tT'5o *»We«4W 
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fc, HftJBJ8BifflaSP2 0 5ffi8SBS[«:*tai*=ft 

#ia3B2 0 9 it. COaffitf-S8irtt*§^ 
^c<D2*, *Oj£lcfctt£fe*7U— <k>^y7r 2 1 3 

(om^offi«^iB«'rsjaa*t>^«B"r5o 
[0033] «A«r, »jHoaffii 03^ 757 
**«a»i 1 ik> ittw*«*.icwt*Hft»*y=r 

voSKjS^ffiBRtffeMt/^^SfcMr^Wffi*^- 

1 1 1 rt^SE^n^o 

[0 0 3 4] fllii***3MBLft/^XIW«iaP2 0 1 (i* 
^**«»JW*2 0 7 tetttfrr* 0 «M"F»[*W2 0 7 

a«*«Rtf«WfW***L. Hft»*uJ>o 
»Hjfto^*y— >««3R^*»««aMi (Z ffifcS- 
tr) Rlfft*IWr*« *«WW2 0 7H:, c<Df+l¥ 

)g^H^^Bsaagi5 2 0 stctb^-rso h^jsb 
aaa8P2 0 5«\ Hfc*#y rJ>©#MjKfcfttt*tfai 

*5tt£ffi«MB (Z«*rgrtrt Rtffe«re*-fe;V*^— jffl 

a§i5 2 0 9icm^*r^o 

[0 0 3 5] e^-b;l^v-S!!aa5 2 0 9te> Z;^7 
721 l*6SKH*03Ktt©Zfc*tt»fflLT, 

jgffiB5aa0P2 0 s^m^nfczfa^iti^&o t 
u ffi**nfczffi^3iSEozffl*o/hsttnff. t;^ 

•fe;l/*^-Jtta8P2 0 9tt, m^J^nfcZffl^r^SB^ 

fc»ist8z^^77 2 1 1 rtoE«ffi«fc*iftu a 
50 KisjRoas«ffitc»/c-r s 7 u— a • > w 7 r 2 1 3 

olB««l«*i:aKiiiJR06*«lft-r«o 

[0036] jaTte5*-r#**©*!Btt, h 1 fcs**n 

[0 0 3 7] 1. UMi^nSl 

*Jc*»WOiaiiO*IIR 1 OffiBS^rH 3<DQtg7"a y ^ 

00. 0^sit»a5 4 1 Os 0^siea^-y;V4 30, » 

Hffifeft»aJ4 2 0. KftKiK£ffi4 4 0. RtfWfi 
J±«»4 5 5^^0«SBSI5 4 5 0«r*tr o 
^0 [00 3 8] tt«fM*» 4 0 0 tt, 0) (BHH3fc7c2S 
pjiciS»*tifciz:f*^r-r;i/rt03Ky d><o£ii«£tco^ 
Tx^y->±^aiffle»*fTV\ aas»«nfe*u 

a) srff-nc-rsfeoTa&ao ^t-^ 0^atf-^si5 4 1 0 
tt*fefr69§a*tnw"*o a«jtwttw»4 0 o&r 

BG*K*»*ft*tHI"r*OT, B^SIt»gl5 4 1 Ott 
C©R G BtY I Q««LTW«Y**»«o CO*U 
50 J>(0#]M^ci3tJSB8a«. JSBS54 5 Olz&tjZn 
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[0039] -7?. mmcDBm i tefc^rn essiSH 

4 3 011 ^lfB4<D<k5&T— 7;l/TfcSo f%fc> 

Tteb^WlO. 7 SfCftbTS^gO. 75, b# 
WIO. 5 0. btvMiIO. 0 

OKttbTSWigO. 2 5i:HlSB (l^W tc!£5£ 

tZ&^t'TZo LtlMB-eteft^ ±PgRtTFRgfc:<fc 

s§£B<9i§£-e£>&^ (^j^f^9#M) o £<ommm 

if-7;V4 3 0*#BHLT, ffilffifeftSSM 2 014 

^54 5 oica^-rso 

[0 0 4 0] Wfii6ffll9^SB4 4 OH 
;V4 3 0©lOOLtVil*aRLT, SIlIiSB 4 5 0 U: 

3 o^^-o* *«fflr*«dte«±^6 

MR»lc — QfoSSlTVKo L*l^fn*tt*<±IHR 

[004 1] mm&4 s oil wmitn&i4 1 o*>ea 

0 5T^n§ 0 «H07?a». n— ■ 

[00 4 2] ^LT, co»BJRk:«it«ntt2:nKff 
4 0tfK^bfcbfriMI£%WKJ£K8&4 5 

5 mm U €> LWMlz &lf § BJlgtf b * l ^ffitX± 

;l/*7-«31«2 0 9T*fTt>nSo W*«HHSffl4 4 
0tfWSElf-7;l/4 3 0O£T<Z>b*VMIlCOV^T 

»eu *nfc»«LTiijB»4 5 o**u=r>rto^ 

flWi 3 SKCS 0 e> ns 0 
[0043] ±Ta^ft»3it»tt : f»«iBiffle^ 
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[00 4 4] 0 4 <0<fc -5 ^SiSHx- ^ 4 3 

*BffiiS*<ft2«4:ftSo #Rt£0 4tcftx_te\ o. 7 

7 5«±t^ntf, COtt^ffiO. 7 5lCttfc-?%ffi 

waft? c «tu foiiozi^zM7 

[0 0 4 5] btlWfitfO. 5fcfcofc*&*CW:, sss 

T*&Sfr£, b^MBO. 5lc»jEf Sffiffifflfett^O 

[0 0 4 6] 3:7c. ^UrfXDll^&tf^UrfVrtffiO 
V^fe (RGB) Ogttffi^bT^&frnSo il«a 

20 §(40-2 5 5<D&smv7£m-$ti%<Dv, nmicmam 

alcttiBfiS2 5 5«LfttOSffffl«o <fcoT\ 
MBB^-rjM 3 OOLt^ffi (±KftrrFHffl) H: 
0-2 5 5©KIOd"t?*ottat\ 
[0 0 4 7] ^(c. HfiSOJBffincov^TOJaS^n — 

TB*B»cBiWr*o ^bT. C(DXfy/S2SyS3 
*'fflS«7ST*«*)3S-r (Xf«;?S 4) 0 
[0 0 4 8] tfitftE^^Mtffliffla] TttH6*fflV>T 

So S-f. «BHBBS*f55 (Xf7/S2 3) o COW 

(xr^ys 2 5) o mmmz. tBw*«*o*u=r 

[0 0 4 9] *^^4ol/^T7 , cM|tStC^2 0CD 

fS^§o (A) # U iy(c£i?n/:Vf U TfrCD 

50 V^ffiTfeSo (A) (0«-&tC«. WTOatfHIt 
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[0 0 5 0] &*5. PnO, Pnl, Pn2, Nnx, Nny, N 
nz, Pnr, Png, Pnb, Cnr, Cng, Cnb<Onten#@ 

N nzte n #S ©]Rj£fc::l3W'*ffiB© z J5Jt#"CfeSo L i gh 
tMatrixtilEffiftJfciR^* h;WC J: Oft&nSfryUTfc 

■To $te. LColorMatrix«JtM^656^e»nS7tJ^Ofe 
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LColorMatrix — 
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[00 5 1 ] ^> Lox, Loy, LoiiijE&fbftiB'** 
h;bO©dl»"e*0, Lix. Liy, LiittjEJRfbJttiH^ 

* ojgJt^-efcO, L2x, L?y, L2zl*iEffiitftM 

CQfete. LCor, LCog, L Cob^ric^Tfet), 

* h;l l ©ftjgofeli, LCir, LCig, LCib#l£# 

C2 8 , LC2b^T'6§o **3. feO#J5E»«0. 0 
U X Y Z$6tC*fLT4 5SOftfiTafe7t«rffiffl-r« 
[R3] 



20 



40 



75 



( 0.5773 0.5773 0.5773 * 
L/g/ifA/aflrix= 0.0000 0.0000 0.0000 
|^ 0.0000 0.0000 0.0000 j 



1.0000 0.0000 0.0000 " 
LColorMatrix— \ 1.0000 0.0000 0.0000 
1.0000 0.0000 0.0000 



(4) 



(5) 



[0052] $fc (b) <Dm&\ciux?<Djs.Tmn-? 



10 [«4] 



f PnO^ 




Pnl 


-( 







Nnz J 



f Pwr 1 




f > 




PwO > 




Png 




LColorMatrix 




Pwl 


(6) 






\ J 


< 


Pw2 , 





[0 0 5 3] 2 0©tWS©«JIMi£*8JW:T3TteD, 
(A) OtMVtSJKfltlELVS fiU (B) (i (A) lcj± 

[0 0 5 4] ^IC, #U :J>©4HRjSWC*tt*93**tr 
JTT* Uf'^S 2 7) o IBSOtHTttY I QX8( 
*'ttr>» ]l^tcfc^5fe^±T'KE^fe (A) ©^StfcT 

msi 

( Cnr ' 

Yn=( 0.299 O.S87 0.114 J Cng 
V I Cnb 



(7) 



30 [0 0 5 5] mjSKH3tt*fe*±-eifi'<fc (B) <D#t£ 
[»6] 



0.299 



f Tnr] 
0.587 0.114 J Png 
{Pnb) 



(8) 



[0 0 5 6] afflOXoTV^trWti, RGB^ 

BY I Q^^O/cW3x 3tTj"JOm 1 ffBTfe 

<o 

[ft7] 

0.299 0.587 0.114 > 

0.596 -0.274 0.322 ( 9) 

0.212 -0.523 0.311 



[0 0 5 7] m7 lcMffi^mffi(DiL#^T>\'<Dy'-'$m 
iil:oi>T^to El 7 (a) tijite^f^l/Ox— 

117 (b) tc^-Tcfc^^. 7f (Y I 

Q) t, H^x-^ • ^Vf'^X ( 1 DX) ^30W 

50 icltl^^ RGB^tT^TfeSl\ IH-'S-r— 
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$ I DX*ffl^ntf, 07(c) lC7F?m&ir-$ -,T- 
[0 0 5 8] MjSt*-* • t— 7;Wctt, *K^"r-* 
Pnz) ttfc^ffl/ (Nnx, Nny, Nnz) #IE«* 
^UrfvCx-^fBBttaftrfto B7 (b) teWJST 

§^o^n8tc^*r 0 x*y 

ftttSMMI (x, y, z) KtfysRIBjiSfcftttSfe 
(r, g, b) R« affi«rE« , rSc:i:fcft§e CE>a 

90S 2 0 5 jWBSfcfr 5 if^tc tt, 3 OOWjS^fe 

(r, g, b) IcttlHmHfcttOTSttBHfifettM 
TSo fc*5, BJifiteO. 0*^1. 0©I61T*$§^ 
aflli0M2 5 5OfflST*«^ al^LTM 

[0 0 5 9] 7?(iB 6 fcSo taLI7n«-*KWtSo 

Y I Q3R(0fefcLT«SfLTV^«^fc(i. Y I Q<D? 
•6 I QO*««iU «»BltTnt«fflUttTO 

H&8] 

" 1.000 0.956 0.621 
1.000 -0.272 -0.647 
1.000 -1,105 1.702 



20 



( c '" r ^ 


f 


C'ng 




{ C'nb) 





(1 0) 



[0 0 6 0] aPMTn^30Stl(f (T1, T2, T 
3) . ISIIM3O*^ 0 &*5. ^U^MY 

I Q^Ofe^LT^LT^&^if^ t^RGB 
^©fefcLT«#LTV^«^U:{3:. ±TiRLft«itfT 
MT'RGBA^Y I Q^at§H-I^fr5o £ft. ft 

[»9] 
C'nr "J f Mr 

(1 1) 



(ISM 



Mg 
Mb 



[0 0 6 1] M^yiXDVfUZMfe^t^Sft 

[0 0 6 2] ^*c^S«SH-r— "7;l/<DWa«!ffl«raS3"r 
£ (7f7^S3 l) o ft*3*HS(i^!K-e(iBl4tc^ 

l^*o "T**)^ Wfi«sgW>±IS 1 . 0 0£TPS0. 7 



5*c»LT*jpwfio. 7 5, wmmm<D±mo. 74 

tTmO. 5O^ltl¥0MO. 5 0, 0M» 
±Pg0. 4 9tTmO. 0 0ICWUSPM0. 2 5 

§ rcftittMyite lav n t »b*<di«s t ±KR« f t 

[0063] c(om, c<o#vd><Dmj&te$sif&mm 

win* ns*. 3 m&&m cmmm^<D^m it t 
w?*hfcW*«Hrt-ff*titf, SR»K*ftfcRiiBtfe 

20 20 5^n«fi-r«o *s*fc*5tf*w»*^ miRznrc 

-saasP2 0 9#hset£o c^x-r^s 3 irufs 
33^ ±T©^fi«!Hic^^T«ia'rs*^»o5g'r 

Uf7^S 3 5) o 

[0064] mKi£^^^^9-mms^2 0 9&±m 

iclt. Z^yyy 2 1 l*&m'?%C£{c&*)m—<D%] 
«*f#4cfc#T*£ 0 ZA77721 i(illBiH£lc 

[0 0 6 5] B 4 5 4iS«if 

oft*£fc:ti. £iTL#WIO. 7 5%lRtSo 
TMS&UIS$2 0 3**6<D«HMC* DH^JSBi&JISB 

205^ *yrf>o*wjftow*zktfj*« (z**fr 

*It3¥LT*T<o &*5, 31Kj£fcfcfe*:L#lMi0. 7 
[0 0 6 6] i8*«HI»2 0 3^6O*^*c«J:??lf^-b 

5 1 * km liohbk: £ d e> ft ft * ^biro z « 

tZ^77/2 1 1 k:*3ttSnte*OiBJlSOZfl[*J±tt 
*8*ft * ft ft ^ 0 la^co z « i 9 /h« » ft tf . if * -fe ;i/ 

±/^-5aaa52 0 9ti7u-A • ^77 2 1 3^*0 

lli^Ofei:LT, LtvMIO. 7 SfcWJS-Tftttlifflfe 

[0 0 6 7] CO^U rfXDBSB^ajfeTT, 
50 0. 7 5W±^*fttf»Bfflfe^»*iiSft4o HI 0 
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(a) tc s =ft»*UJ>6 0 1 MHM#UiV6 
0 20206D«IJ*SbTt^o Hft«#U =f>6 0 1 <D 

n^p ik p i 2, pi 3©*nfn©sfitto. 

0. 1. 0, 1. OlcRSSnt^io *fc=ft»*U 
5>6 0 2CDi£P2 K P2 2. P 2 3 O^n^tlO 

B^*tio. o. o. 5, i. oicsssnn^o ±t* 

0 5^ ^UrfVrtSPO^H^OWfiStfffiW (Zffi* 
dtT) *ft»-T£o ^^10152 0 3^60^^^*9 
e^;l/#5HI!yiffl5 2 0 9f±, iSjROWfii:L*i/^« 
0. 5t*Jt«bfiofH|[tc<fe0*»6tifc*<01B*O 
ZI^Z^7772 1 UClSlflSnfc*0iaj|60Zffl«: 

ftWcJi^sRftenfc^OBJROZffl^Z^^^ 7r 2 l 

rt/fc^— ffiaSP2 0 9teyu— A • ;^77 2 l 3tc^ 

[00 6 9] tU Z/W772 1 1 fcffiJBLfcl/^, 
ilO (b) <0<t5^ fflgl. OfrBO. SOW 

1 i^«i«*nftzffifc«-iick:«fcO*«)6n^z«ttt 

2 l 3fc«#i&$ft&v\> -T**)-6, Hi 0 (c) ^ 
Lfc<£?tCs 0MO. 5^&0. 7 4^«fc?BfiO. 

[o o 7 o] m4<Dmr\ l#wio. oko^thi; 

SHft^y^6 0 1 OlfiP IK P 1 2, P 1 3 

<o : tn : €ft(DW&& o . o, k o, l. oic!Sy£2n 

T^3 0 f/c£ftf^'J^6 0 2©ESP2K P2 

2. P2 3^nfnoifiio. o. o. 5. 1. 0 
tcis^nn^o *8*eKn/:^t^t)^o. 5 

[0 0 7 1] Hi 2 [:^-u-vx-f> 
jjVTo HI 2lc:6tfSHftJg#y:J>6 l ] ©UjsSP 3 
K P3 2. P3 3O*nfn©Wfiti0. 0, 1. 
0, 1. 0lcR5£SftT^£o SfcHft^UdT>6 1 
2 0MP 4 K P 4 2. P 4 3 0^ft^n<£>ej?ffite 
0. 0, 0. 5. K OicfS^^tlTl^c -r&fc^s 

0 1 St>*6 0 2 iHCTfcSo LfrU if— n — ->x — 



(11) WHIR 3 2 3 1 0 2 9^ 

■ftr* 0 -r&£>*>> sistf77yh-e**««tf3o 

[0 0 7 2] &*5, BB*«B^-^l/0»t>/>*V^TB 

3bMrt*nTV^V>g|5^?:^< -r/c:*. 16Xf77 P S3 

0. OtcLTX-r^ys 3 lStfS 3 3«rHSE-T§o 
JO [0 0 7 3] H±7fy^S 2 5 3 5*"C*£T 

37) o cntaD, fiwtf^tosy =rv#m 

[0 0 7 4] ±T5E'<fcBH£»EB'r— 7;Mi:sif*^-rA' 

;l/*t><o^O*-r^y^ljr. ^Ofc-rrfySlcW 

7"-:/;l/fc*SnsiilltfMB»tt. ano-fe^l/T-^Jc 
-&4>£T. 2X«3fc:^SCfc# f **&ft5o {§U w 
±^fc<fc 5 ^fflltliB 6 ©Xf 7 y S 3 5 IC*511Z> 

[0075] 2. mm<omm2 
#y 3>(ovf y r^oa^wsiEH-r— ^;i/o»J«w 

[0 0 7 6] *JSOJB!B2 0«ffiray^H«:Hl 3tc 

^-Tc nfiEo««2-eci, ^ttsassoo, wfitt-w 

95 10, W*«SHt— ^5 3 0. HftKBK^ff 5 
40 4 0, WSJt«®5 5 5 *rSt?«SBiffl5 4 5 0, RtOSH 
ffifeK«ft8B5 2 0«r&tr o *SfcOJB!Si 3 Steffi 
HJBfefUMM 2 0O«feDlc»fflffife«*S»5 2 0tf 

[0 0 7 7] «Siffifettfft»5 2 0tt. ^Jx.tfH4C0<fc 
5*W*«B'r-^*IBffl'«"»«*fctt. **yrf> 
30©ffiiffifef-^?:Sf t5ifM^fe§o -T 
*y =f>^Nffla6*»dfc«, sKyrf^OOJB 
1 ©WfiEBtettJSi"* (Cow, C'oig, C'oib) > 

#v3>o<Dm2<Dm&mmicftfc-?% (Co2r, c 
50 o?g, c'ozb) , #yjyo<Dm3<Dwmmmictti&-t 
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3 (C'03r, C'03g, C'osb) **6* #VJ>N-l<D 

gl<DSSSI!ii:»]StS (C'm-iiir, C'(n-ui 8 , 
C'jN-nib) , #Urf>N- l ©S2<OWSMBHfc»JE 

~t%> (C'(N-1)2r, C , (N-1)28, C'(N-1)2b) > ^U^f 
VN- 1 ^3^gffiffltC^jS-rS (C'(N-1)3r, 
C'(N-!)3g, C* (N-D36) *«g-rSo 

[0 0 7 8] «al®gP 5 5 0^, BJ3fiKB»^8B 5 4 0 

* os^^ n^w«KHfc»is-r*»iafflft*«iiBfflfe 

tettffl5 5 2 Ofr^OttTfo ffiSfflfe*§*fiS$5 2 Ottffil 
*fcfCD-ROM 1 3 lX(iHDD 1 0 7T$5 o 
[0 0 7 9] 3t«fHf»5 0 0«\ »J^tflEffl=^7cS 

»5 1 Ott. %WHHIS5 0 0*W»bft#U=f>O# 

^S«^lCli. QBSIBBIfiSgB 5 4 Ott. m&SWr— 
7;15 3 0© 1 OOL#l^«*±^6HI*a«!br. ffi 
j®£I$5 5 ojc»s-r*o 

[0 0 8 0] 1SB6B5 5 OTte^ WflSttMPS 1 Ofrfc 

tti^j ^ nfc # y 3 > o&ijt^ *s # § wfi*«H t t. 
5Ky=rvrtw<o»isiR(c*3»swfi«rfftK-r«o cct 

.fiSISj£©Z«i«BLT. #y dT>rtW©«-ffl*ti:43 

ttszflsfcfctw-r § 0 c<Dftmz®mm2<D=.ft& 

»jB«aW2 0 5T?fTt>n*o ^UT> COSIglCfc 

isf osiffio z ffl^a? o as urn ic & t> tm « nfc z fit t 

ogt&£> Zfilcfc D ffiMlc £ o tW^ftft Z 

[0 0 8 1] tLBJRfcfe^SWK^Ltv^ffi*MXtt 
3t£<0 Z ffi#«B lc <fc 0 ftS £ tifc Z fitW±Tft * 

mz^tstsmtBsizmz if m 2 <o tr * ;i/ # 7-$am$v 

2 0 9-rtfbW. W««SH»Sff 5 4 OtfWMlf 

rmmzfi *y =f>rt«#B 4 offy-ei* 3«Bic 

[0 0 8 2] [£(*<D*!J3i:7n--J H5^^nfclSD 
3) o CftfcOVTliB 1 4*ffl^TB¥*B»cffiW , f £o 



(12) MHR 3 2 3 1 0 2 9§ 

iS*T Uf7^S 4) o 

[0083] [ii^^f/i/ffiijai] 11 1 4icnm<D& 
b(DMm&. m\ 4^f7ys 5 3 otnMBR^offla 

fiS*<H6£)X-ry:/S 2 3 0to3rtS£g&£j££. 
B60Xry^S 2 9*8 1 4^fy/S 5 9i:fi^ 
»t)-3fc^cfeSo *T&fc>*>> B6T»tt*<D*PSfliBffl 

a*twtrv>fc*v naso»«2-c«^fttnwao« 

3ftLT*5<<DT% Xf7/S 5 3te*^T»B"r*iM* 
^Xf7/S 5 5RtfS 5 7<DHt»C?f-pTt>. %rr*J-f 

^rtg^o ^fttHffiottsw^nri/^o^s mete 
[0 0 8 4] wis 1 4*m&mcwm-?%o t-rmm 

HfilKD^JBlTRWLfc (A) #y=f>tcs»^nfcv 
■ry77l/Ofe*#«Lfe#ffiat5 (B) 7f'J7;l/06 

*^*L*v^ftttjiM<D}B!i62-efcafflprfi6^*-5o 
[0 0 8 5] ^fc, #yrr>©SB^tc^^^wfi€rit 

OK««BH€:3i«-r5 Uf'^SG 1) 0 CCt'tiB 
[0 0 8 6] fit, SRB**c*5tJSWS*^ StR^ 

ttnxHttma ■ 2 k:fett*Hft*«iB«a«2 0 5 

«52 0 9tfHS8rrSo CO^f^^S 6 iStfS 6 3 

f^ys 6 5) c 

[0 0 8 7] X77^S 6 3T'(i. Z^777 2 1 1 «r 

wsasa5 2 o 3 3b^o*^fc:«kD=ftflgiaBfflaw2 o 
5«4, *y=rvo*iiW[owfltRtfjSE« (z«*«w 

**HLT, *B*<DMSStfffi« (Zffl*««y) 

;l/*5"-Jaa*B52 0 9(is B*(D^fi^b*^ffl0. 7 
50 5 4: «lt«t <^ D 3<i6 6 tifc^OBJRO Z « 
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£Z^V7T2 1 1 fc«»ft*nfc*oiii*ozfl[*J^« 

[0088] fcLB*©Wtf#L*^«0. 7 5tt±T 

2 1 llc*lft«tlfc*OB*OZ*J:0/h*Wntf. tf 
fflSgP2 0 9J47U— A • ^772 1 3 
U:^<DBfg<Dfei:bT, b#vMB0. 7 5 leftist" ft fii 
jBfflfe*»#iityo btlMIO. 5£rSiRtfto 

^LT?gSffiag|5 2 0 3 5> <DtfiH^C £ <9 Hft TBSBHffl 
3952 0 5 tfy =f>rtSB<0#B*<OWfiRt5ffi« 
(Z<82r#t?) fctf-JFTfto t?^-fe/l/*7-«LaSI52 0 
9&> fi*<Z)Wfti:L#^ffl0. 5k*Jt«bjat5fHI 

iao*»e)n/cfoiiozii:z^7 77 2 1 nc 
««ft«tifc*<oB*ozii«:j±«-rao 

[0 0 8 9] feLI^OWfitftt^lO. 5«±tl 
oftWfc: J: 0 6 n/c^-OlI© Z ffitf Z^y77 2 

1 lK«ftStlfc*OB*OZfl*0/hS»Jtltf, 
•fe;!/*^— ££39$ 2 0 9&:7U— A -^7772 1 3tC 
^CDWm<D&£LX, L*t/MB0. SlcftJE-rftfiiBJB 
fe£r§i*&fro BJSO. 7 5W±0««JCOl^Ttt, Z 

M7772 1 ijc«irt*nfczffl[kitjitc<fe0*«>6n 
fcztt^ttrau-e***^ w«o. 7 5tt±oi«t 

0. otcoi^T^Mf^o 

[0 0 9 0] WXf7^S 5 57^MS 6 5 Sf*tT 
6 7) o cntCcfcO, fitter /1>©£T©#U 
WftcfctfTSftcfc-Slcftfto cn&o«ia« 

mm 1 * D»c*»fcS*iTV>So 

[0 0 9 1] 3. *<DfaoyfB&m 

( l ) flfiS£>7£ffi 1 tc&i^Tte. ftf**x/WliB«UI* 
Sta6T^fy7S 2 5MS 2 7 0ttt«UJ>0 

«Bfflfe*sti^fti&a : &x-r 7/s 2 9 tLT^ss*r 

fyyS2 9*, ^T7^S2 5X(iS2 70|jttT^ 
T£>. ^fy^S 2 SfttfS 2 7 fcatfTbTfr^Tfc, 
Xf7^S 3 1 CD«lCfTt>Tfc, Xf7^S 3 1 £3£?7 

[0092] ( 2 ) nm<DBm 1 oiw**«r ;wtB»a 



(13) WMI3 2 3 1 0 2 9^ 

fto 

[0093] ( 3 ) mm<omm \ (oiLW^f^tsmmm 

%^*T0 6tc4oOt^^x^ys 3 3Tti. #'JJ>OM 
^Or-^^ffiPJLT^UrfVrtSBcOBlROx--^*^ 
f£*f&o COSaSti, -fitT^tf^-r^^S 3 5tc£ft 

[0 0 9 4] ( 4 ) mi&cOBm 1 Ofift^v^l/ftSBJaiS 
S 3 3*TfcfTiLtf«fe^o <1U X-r^S 3 5tcJ:ft 

«Sg2T^fBIb7?fe^)o 

[00 9 5] ( 5 ) HfflOJBJK 2 T?tt, B^glEHtctt J£ 
f ft J8B JBfefc^fcft* LfiOf fill LT4o<d^tcLT 

20 1 T8ttWbfc2oO^}£<Ot^"rnTt><J:V^U XBUOS" 
Tfc<fct\, S6fc, ftlBfflft*— 
Tt^Tti^o ^fficomi2TtiffiSiffle^*6fflS 
bT*5<OT% HfTSKftttXftft^ flJJKSttTV^ft 
MtBfflfea^OfeteSJE'J'ftC fctt«#fctt"C#*v^ 0 

si^ntt^swi^ LTSifrW^ttuc-r ft» 

WftBBx-^*«H-r*X«»PWK«S 

jE , r««»T»Bfflfe*3iajHE , r« c 

5S&^t>fefto 

50 [0 0 9 6] (6)fl6fflt5A-F»>x70«I 

±T*m'<rzmM<D&m~ete, AW^^tsmwrn cms 

ffil 1 l tf*fiftSi3ft*«0««*IW^tfc^ ft 
fioti BIWBiBl 0 3tf*fW«J:5teLTfeft 

[0097] sfcai «— BTfeoT. an^asjE^pi 
arefcSo «*tf. y-A*Bft6«f, hddio7^ 

«#-»?\ ^D^7ixRtff->4CD-ROMl 3 1 

— 7i- 1 1 7&CHDD 1 0 7©tt*>D 

^7x-7,m§<):^ctSo £fc. sfi-r>^- 
7x-Xl 1 5*<l*ftfrS*n*ttS^&fto 
tt^+J- ^ > HfflSfc «BB« b ^ ^<OT% -9" r> > K Jfla» 
1 0 9*«x.T^ft4&BJ*&V\> 

[0 0 9 8] CD-ROM 1 3 Hi:feeiffi»0— 

50 $>oT&<£V\, ^<Dtf^tc(i:, CD-ROMK7^7l 
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[0 0 9 9] 2 6fc, W±tt#56W*3>'k?a-* • 7 

fc»MJ1ft-N6*o *<&IB, 0 5Rtf06X«iai 4<D& 
;*:^y:/ , ^cSt2n;i>«^^g^^ 

[oioo] a±, *&w*nm<D&mfom-3^Tm# 

[0 10 1] Sfc. *«W*H3R-r*te»0^n^ix 

* c d - r 0M*ois»«f*»cck oa«sn*jg»fcH 

^iv^x— 0 1 lC7F-?MiB^>$—7 3i~-X J 1 

x— **k*u co7v?^2±^ : r>-?%:mm®M i 

4 1 *^LT<8«fcjeUTJ«***y l 0 5fc«»LT 
[0 10 2] [SSiSflfl] 0 1 Sic, *8B*«!«L4^ 

-75. 0 1 B^jg^H (L^lMB) tf2 05£**n 

fcW*«H?-^i/*«s Ljao^fgeflcor ;i/=f y xa 

&L#l,Mi0. 3 1 2 5«ltiWi0. 75, L 
#Wif 0^#LTg«ig0. 6 0tr»ifc|K*ft 
T^£ 0 H!l 6&0 1 5£g&tU li«**ffl5tDA1*<0 
«052D^&A*oai*3^^Tfe«lK3^ttT, 2 SB 

[0103] #*wo7'7i/dryxi**«ffl , r«ci:fccl: 



(14) «fSt*3 2 3 1 0 2 9^ 

[0 10 4] 

n :/ e * - * mm. r> ^mmmmmc * tits. wm<D 
[0ffi<otaJii&i»^] 

[0 1] *«Wkl«*rDif9A*J|fT-r*3>lfa.- 

[02] m\\z&ft%?^74v5*&mm<D-- 

[0 3] ^JBilOl^D7^it*$)§o 

[04] KStBH-r-^i/o— w*^-raT?«* 0 
[0 5] ^wo^ofiyi^r^D-^^-h-es 

[0 6] Mffi<D&m l OiL^-r^fiSiS^ao^n-^ 
[0 7] ^y^v^-r^o-r— *«jfi**-r«*H-ea& 
(b) tzmmmmm<D=n&#vj>'<DT~*mm%^ 

U (c) liljaf-* • x-7;l/Ox-*«^&SL 

[08] 07 (b) fc«ic-r*aasE«ao=ft«3sy 

[0 9] WfiElEH-r-^l/O— «|«r^-r«T*a6So 
[01 0] **W07;l/=fyX/**c*t)HftJB*y =r> 

OH«tD-ff!lTfe§o (a) tibf^MlO. 7 5 tftS^ 
40 Snft»^fc:«IIiiSn*«««r^LT43t). (b) <i£ 

wio. 5WK^«nfca^jcfiiiasnsiEH«:^LT 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The rendering method which carries out the rendering of the solid model which is characterized by providing 
the following, and which has been arranged in a virtual space and consisted of two or more polygons. Lightness is the 
1 st step which the level division is carried out in the fixed range, computes the color for every lightness level in the 
aforementioned polygon based on the color beforehand set as each criteria lightness and the aforementioned polygon 
which were beforehand matched with each lightness level, and is matched with each lightness level. The 2nd step 
which chooses every one lightness level from two or more lightness level with which criteria lightness was matched 
beforehand respectively, Whenever lightness level is chosen at the 2nd step of the above, based on the lightness 
beforehand set up to each peak of the aforementioned polygon, the lightness in each pixel position inside the 
aforementioned polygon is calculated. The 3rd step which draws the pixel concerned by the color matched with the 
lightness level chosen at the 2nd step of the above in the 1 st step of the above only when the lightness in each pixel 
position concerned was within the limits of the lightness corresponding to the lightness level by which selection was 
carried out [ aforementioned ]. 

[Claim 2] The rendering method which carries out the rendering of the solid model which is characterized by providing 
the following, and which has been arranged in a virtual space and consisted of two or more polygons. Lightness is the 
1st step which chooses every one lightness level from two or more lightness level with which the level division is 
carried out in the fixed range, and criteria lightness was matched beforehand respectively. Whenever lightness level is 
chosen at the 1 st step of the above, based on the lightness beforehand set up to each peak of the aforementioned 
polygon, the lightness in each pixel position inside the aforementioned polygon is calculated. The 2nd step which 
draws the pixel concerned by the color based on the color beforehand set as the criteria lightness and the 
aforementioned polygon corresponding to the lightness level by which selection was carried out [ aforementioned ] 
only when the lightness in each pixel position concerned was within the limits of the lightness corresponding to the 
lightness level by which selection was carried out [ aforementioned ]. 

[Claim 3] Whenever lightness level is chosen at the 1st step of the above, the 3rd step which calculates the color based 
on the color beforehand set as the criteria lightness and the aforementioned polygon corresponding to the lightness 
level by which selection was carried out [ aforementioned ] is included further. The 2nd step of the above calculates the 
lightness in each pixel position inside the aforementioned polygon based on the lightness beforehand set up to each 
peak of the aforementioned polygon. The rendering method according to claim 2 characterized by being the step which 
draws the pixel concerned by the color calculated in the 3rd step of the above only when the lightness in each pixel 
position concerned is within the limits of the lightness corresponding to the lightness level by which selection was 
carried out [ aforementioned ]. 

[Claim 4] In the 1st step of the above, choose lightness level from high lightness level one [ at a time ], and it sets to 
the 2nd step of the above. By measuring the lower limit of the lightness corresponding to the lightness level by which 
selection was carried out [ aforementioned ], and the lightness in each aforementioned pixel position, and comparing Z 
value of the pixel position concerned with corresponding Z value stored in Z-uffer The rendering method according to 
claim 2 characterized by judging whether it is within the limits of the lightness corresponding to the lightness level by 
which selection of the lightness in each aforementioned pixel position was carried out [ aforementioned ]. 
[Claim 5] The rendering method according to claim 2 which draws the lightness in each peak of the aforementioned 
polygon by light source calculation to the aforementioned solid model before the 1st step of the above, and is 
characterized by including the 5th step to set up further. 

[Claim 6] The rendering method according to claim 5 characterized by the 5th step of the above being a step which 
draws and sets up the lightness of each peak of the aforementioned polygon based on the normal vector and light 
source information on each peak. 
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[Claim 7] The rendering method according to claim 2 that the 1st step of the above is characterized by being the step 
which chooses every one lightness level from the lightness level of 2 or 3 defined beforehand. 

[Claim 8] Rendering equipment which carries out the rendering of the solid model which is characterized by providing 
the following, and which has been arranged in a virtual space and consisted of two or more polygons. Lightness is the 
1 st means which the level division is carried out in the fixed range, computes the color for every lightness level in the 
aforementioned polygon based on the color beforehand set as each criteria lightness and the aforementioned polygon 
which were beforehand matched with each lightness level, and is matched with each lightness level. 2nd means to 
choose every one lightness level from two or more lightness level with which criteria lightness was matched 
beforehand respectively, Whenever lightness level is chosen by the 2nd means of the above, based on the lightness 
beforehand set up to each peak of the aforementioned polygon, the lightness in each pixel position inside the 
aforementioned polygon is calculated. 3rd means to draw the pixel concerned by the color matched with the lightness 
level chosen by the 2nd means of the above by the 1st means of the above only when the lightness in each pixel 
position concerned was within the limits of the lightness corresponding to the lightness level by which selection was 
carried out [ aforementioned ]. 

[Claim 9] Rendering equipment which carries out the rendering of the solid model which is characterized by providing 
the following, and which has been arranged in a virtual space and consisted of two or more polygons. Lightness is a 
selection means to choose every one lightness level from two or more lightness level with which the level division is 
carried out in the fixed range, and criteria lightness was matched beforehand respectively. Whenever lightness level is 
chosen by the aforementioned selection means, based on the lightness beforehand set up to each peak of the 
aforementioned polygon, the lightness in each pixel position inside the aforementioned polygon is calculated. A 
drawing means to draw the pixel concerned by the color based on the color beforehand set as the criteria lightness and 
the aforementioned polygon corresponding to the lightness level by which selection was carried out [ aforementioned ] 
only when the lightness in each pixel position concerned was within the limits of the lightness corresponding to the 
lightness level by which selection was carried out [ aforementioned ]. 

[Claim 10] Stored the program for carrying out the rendering of the solid model which has been arranged in a virtual 
space and consisted of two or more polygons. It is the record medium in which computer reading is possible, the 
aforementioned program The level division of the lightness is carried out in the fixed range, and it is based on the 
aforementioned computer at the color beforehand set as each criteria lightness and the aforementioned polygon which 
were beforehand matched by each lightness level. The 1st step which computes the color for every lightness level in 
the aforementioned polygon, and is matched with each lightness level, The 2nd step which chooses every one lightness 
level from two or more lightness level with which criteria lightness was matched beforehand respectively, Whenever 
lightness level is chosen at the 2nd step of the above, based on the lightness beforehand set up to each peak of the 
aforementioned polygon, the lightness in each pixel position inside the aforementioned polygon is calculated. Only 
when the lightness in each pixel position concerned is within the limits of the lightness corresponding to the lightness 
level by which selection was carried out [ aforementioned ] The record medium which is characterized by being a 
program for performing the 3rd step which draws the pixel concerned by the color matched with the lightness level 
chosen at the 2nd step of the above in the 1st step of the above and in which computer reading is possible. 
[Claim 1 1] Stored the program for carrying out the rendering of the solid model which has been arranged in a virtual 
space and consisted of two or more polygons. It is the record medium in which computer reading is possible, the 
aforementioned program The 1 st step which chooses every one lightness level from two or more lightness level by 
which the level division of the lightness is carried out in the fixed range, and criteria lightness was respectively 
matched beforehand with the aforementioned computer, Whenever lightness level is chosen at the 1 st step of the 
above, based on the lightness beforehand set up to each peak of the aforementioned polygon, the lightness in each pixel 
position inside the aforementioned polygon is calculated. Only when the lightness in each pixel position concerned is 
within the limits of the lightness corresponding to the lightness level by which selection was carried out 
[ aforementioned ] The record medium which is characterized by being a program for performing the 2nd step which 
draws the pixel concerned by the color based on the color beforehand set as the criteria lightness and the 
aforementioned polygon corresponding to the lightness level by which selection was carried out [ aforementioned ] and 
in which computer reading is possible. 

[Claim 12] Whenever lightness level is chosen as the aforementioned computer at the 1st step of the above, the 
aforementioned program It is a program for performing further the 3rd step which calculates the color based on the 
color beforehand set as the criteria lightness and the aforementioned polygon corresponding to the lightness level by 
which selection was carried out [ aforementioned ]. The 2nd step of the above calculates the lightness in each pixel 
position inside the aforementioned polygon based on the lightness beforehand set up to each peak of the 
aforementioned polygon. The record medium which is characterized by being the step which draws the pixel concerned 
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by the color calculated in the 3rd step of the above only when the lightness in each pixel position concerned is within 
the limits of the lightness corresponding to the lightness level by which selection was carried out [ aforementioned ] 
and in which computer reading according to claim 1 1 is possible. 

[Claim 13] In the 1st step of the above, choose lightness level from high lightness level one [ at a time ], and it sets to 
the 2nd step of the above. By measuring the lower limit of the lightness corresponding to the lightness level by which 
selection was carried out [ aforementioned ], and the lightness in each aforementioned pixel position, and comparing Z 
value of the pixel position concerned with corresponding Z value stored in Z-uffer The record medium which is 
characterized by judging whether it is within the limits of the lightness corresponding to the lightness level by which 
selection of the lightness in each aforementioned pixel position was carried out [ aforementioned ] and in which 
computer reading according to claim 1 1 is possible. 

[Claim 14] The record medium with which the aforementioned program is characterized by being a program for 
making the aforementioned computer perform further the 5th step which draws the lightness in each peak of the 
aforementioned polygon by light source calculation to the aforementioned solid model before the 1st step of the above, 
and is set up and in which computer reading according to claim 1 1 is possible. 

[Claim 15] It is game equipment which carries out the rendering of the solid model which has been arranged in a 
virtual space and consisted of two or more polygons. A computer, It has the means which reads the program concerned 
from the record medium which stored the program which the aforementioned computer is made to execute, and in 
which computer reading is possible, the aforementioned program The level division of the lightness is carried out in the 
fixed range, and it is based on the aforementioned computer at the color beforehand set as each criteria lightness and 
the aforementioned polygon which were beforehand matched by each lightness level. The 1st function which computes 
the color for every lightness level in the aforementioned polygon, and is matched with each lightness level, The 2nd 
function which chooses every one lightness level from two or more lightness level with which criteria lightness was 
matched beforehand respectively, Whenever lightness level is chosen by the 2nd function of the above, based on the 
lightness beforehand set up to each peak of the aforementioned polygon, the lightness in each pixel position inside the 
aforementioned polygon is calculated. Game equipment characterized by making the 3rd function which draws the 
pixel concerned by the color matched with the lightness level chosen by the 2nd function of the above by the 1 st 
function of the above carry out only when the lightness in each pixel position concerned is within the limits of the 
lightness corresponding to the lightness level by which selection was carried out [ aforementioned ]. 
[Claim 16] It is game equipment which carries out the rendering of the solid model which has been arranged in a 
virtual space and consisted of two or more polygons. A computer, It has the means which reads the program concerned 
from the record medium which stored the program which the aforementioned computer is made to execute, and in 
which computer reading is possible, the aforementioned program The optional feature which chooses every one 
lightness level from two or more lightness level by which the level division of the lightness is carried out in the fixed 
range, and criteria lightness was respectively matched beforehand with the aforementioned computer, Whenever 
lightness level is chosen by the aforementioned optional feature, based on the lightness in each peak of the 
aforementioned polygon, the lightness in each pixel position inside the aforementioned polygon is calculated. Only 
when the lightness in each pixel position concerned is within the limits of the lightness corresponding to the lightness 
level by which selection was carried out [ aforementioned ] Game equipment characterized by making the drawing 
function which draws the pixel concerned by the color based on the color beforehand set as the criteria lightness and 
the aforementioned polygon corresponding to the lightness level by which selection was carried out [ aforementioned ] 
carry out. 

[Claim 17] Game equipment which carries out the rendering of the solid model which is characterized by providing the 
following, and which has been arranged in a virtual space and consisted of two or more polygons. Computer. The 
means which reads the program concerned from the record medium which stored the program which the 
aforementioned computer is made to execute, and in which computer reading is possible. According to the program by 
which reading appearance was carried out [ aforementioned ], lightness is the 1st means which the level division is 
carried out in the fixed range, computes the color for every lightness level in the aforementioned polygon based on the 
color beforehand set as each criteria lightness and the aforementioned polygon which were beforehand matched with 
each lightness level, and is matched with each lightness level. 2nd means to choose every one lightness level from two 
or more lightness level with which criteria lightness was matched beforehand respectively according to the program by 
which reading appearance was carried out [ aforementioned ], Whenever lightness level is chosen by the 2nd means of 
the above according to the program by which reading appearance was carried out [ aforementioned ] Based on the 
lightness beforehand set up to each peak of the aforementioned polygon, the lightness in each pixel position inside the 
aforementioned polygon is calculated. 3rd means to draw the pixel concerned by the color matched with the lightness 
level chosen by the 2nd means of the above by the 1st means of the above only when the lightness in each pixel 
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position concerned was within the limits of the lightness corresponding to the lightness level by which selection was 
carried out [ aforementioned ]. 

[Claim 1 8] Game equipment which carries out the rendering of the solid model which is characterized by providing the 
following, and which has been arranged in a virtual space and consisted of two or more polygons. Computer. The 
means which reads the program concerned from the record medium which stored the program which the 
aforementioned computer is made to execute, and in which computer reading is possible. According to the program by 
which reading appearance was carried out [ aforementioned ], lightness is a selection means to choose every one 
lightness level from two or more lightness level with which the level division is carried out in the fixed range, and 
criteria lightness was matched beforehand respectively. Whenever lightness level is chosen with the aforementioned 
selection means according to the program by which reading appearance was carried out [ aforementioned ] Based on 
the lightness in each peak of the aforementioned polygon, the lightness in each pixel position inside the 
aforementioned polygon is calculated. A drawing means to draw the pixel concerned by the color based on the color 
beforehand set as the criteria lightness and the aforementioned polygon corresponding to the lightness level by which 
selection was carried out [ aforementioned ] only when the lightness in each pixel position concerned was within the 
limits of the lightness corresponding to the lightness level by which selection was carried out [ aforementioned ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the record medium which stored the method, 
the equipment, and the rendering program which carry out the rendering of the solid model in a virtual space and in 
which computer reading is possible. 
[0002] 

[Description of the Prior Art] In recent years, the technology about computer graphics (CG) has accomplished rapid 
progress. How does many of CG technology currently studied perform a more realistic rendering? A more realistic 
picture is increasingly expressed by such technology. 
[0003] 

[Problem(s) to be Solved by the Invention] However, while these realistic rendering technology is used, in recent 
years, technology which generates the non-reality-rendering of the handwriting style (non-photorealistic rendering), 
i.e., a picture, by CG is also desired. 

[0004] For example, cell animation (eel animation.) It is called cell animation below. In setting and creating the picture 
of a state with various characters by human beings hand, big trouble starts. However, it is because the trouble can be 
sharply decreased if these pictures can generate by CG. 

[0005] Therefore, the purpose of this invention is offering the record medium which stored the rendering method, the 
equipment, and the rendering program for realizing coloring of a cell animation tone as an example of a non-reality- 
rendering and in which computer reading is possible. 
[0006] 

[Means for Solving the Problem] The rendering method which carries out the rendering of the solid model concerning 
the 1st mode of this invention which has been arranged in a virtual space and consisted of two or more polygons The 
1st step which calculates the 1st lightness distribution to the field where a polygon should be drawn based on the 
lightness beforehand set up to each peak of a polygon for every polygon, The 2nd lightness distribution replaced with 
the typical lightness which the level division of the lightness is carried out in the fixed range, and typical lightness is 
assigned to each level, and was able to assign the 1st lightness distribution calculated at the 1st step for every level of 
lightness, A classification-by-color cloth is generated based on the color beforehand set as the polygon, and the 2nd 
step which draws a polygon with the classification-by-color cloth concerned is included. 

[0007] Since a classification-by-color cloth is generated from the lightness distribution of the 2nd of the few number of 
level as compared with the 1 st lightness distribution calculated by technique, such as gouraud shading, by this, for 
example, poor coating of a cell animation tone is realizable. 

[0008] The rendering method concerning the 2nd mode of this invention The 1st step which chooses every one 
lightness level from two or more lightness level (for example, lightness range in the form of operation) with which the 
level division of the lightness is carried out in the fixed range, and criteria lightness was matched beforehand 
respectively, Whenever lightness level is chosen at the 1st step, based on the lightness beforehand set up to each peak 
of a polygon, the lightness in each pixel position inside a polygon is calculated. Only when the lightness in each pixel 
position concerned is within the limits of the lightness corresponding to the selected lightness level, the 2nd step which 
draws the pixel concerned by the color based on the color beforehand set as the criteria lightness and the polygon 
corresponding to the selected lightness level is included. 

[0009] Although it will be painted by the color based on criteria lightness to a part of polygon if the 1st and 2nd steps 
are performed only once, if only the number of lightness level repeats the 1st and 2nd steps, coloring will be given by 
the color based on corresponding criteria lightness for two or more lightness level of every by which the interior of a 
polygon was defined beforehand. That is, poor coating of a cell animation tone is realizable. 
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[0010] Whenever lightness level is chosen at the 1st step described in the top in the 2nd mode of this invention The 3rd 
step which calculates the color based on the color beforehand set as the criteria lightness and the polygon 
corresponding to the selected lightness level is included further. Based on the lightness beforehand set up to each peak 
of a polygon in the 2nd step described in the top, the lightness in each pixel position inside a polygon is calculated. 
Only when the lightness in each pixel position concerned is within the limits of the lightness corresponding to the 
selected lightness level, it is also possible to consider as the step which draws the pixel concerned by the color 
calculated in the 3rd step described in the top. 

[001 1] In the 2nd mode of this invention, moreover, before the 1st step described in the top It is based on the color 
beforehand set as each criteria lightness and the polygon which were beforehand matched with each lightness level. 
Compute the color for every lightness level in a polygon, and the 4th step matched with each lightness level is included 
further. It is also possible to consider as the step which draws the pixel concerned as a color based on the color 
beforehand set as the criteria lightness and the polygon corresponding to the selected lightness level in the color 
matched with the lightness level chosen at the 1 st step in the 2nd step described in the top. Moreover, in the 1 st step, 
choose lightness level from high lightness level one [ at a time ], and it sets to the 2nd step. By measuring the lower 
limit of the lightness corresponding to the selected lightness level, and the lightness in each pixel position, and 
comparing Z value of the pixel position concerned with corresponding Z value stored in Z-uffer It is also possible to 
judge whether it is within the limits of the lightness corresponding to the lightness level as which the lightness in each 
pixel position was chosen. 

[0012] Moreover, it is also possible to make it the 5th step which draws the lightness in each peak of a polygon by light 
source calculation to a solid model, and is set up further included before the 1st step described in the top. [0013] which 
the lightness of each peak of a polygon is drawn based on the normal vector and light source information on each peak, 
and can also use this 5th step as the step derived by light source calculation to the solid model performed to the step to 
set up or a polygon in consideration of the color set up beforehand It is also possible to consider as the step which 
chooses every one lightness level from the lightness level of 2 or 3 beforehand defined in the 1 st step furthermore 
described in the top. By actual cell animation, it is because it is distinguished with 2 or 3 colors in many cases. 
[0014] The rendering equipment which carries out the rendering of the solid model concerning the 3rd mode of this 
invention which has been arranged in a virtual space and consisted of two or more polygons A calculation means to 
calculate the 1st lightness distribution to the field where a polygon should be drawn based on the lightness beforehand 
set up to each peak of a polygon for every polygon, The 2nd lightness distribution replaced with the typical lightness 
which the level division of the lightness is carried out in the fixed range, and typical lightness is assigned to each level, 
and was able to assign the 1 st lightness distribution calculated by the calculation means for every level of lightness, A 
classification-by-color cloth is generated based on the color beforehand set as the polygon, and it has a drawing means 
to draw a polygon with the classification-by-color cloth concerned. 

[0015] Moreover, the rendering equipment concerning the 4th mode of this invention A selection means to choose 
every one lightness level from two or more lightness level (for example, lightness range in the form of operation) with 
which the level division of the lightness is carried out in the fixed range, and criteria lightness was matched beforehand 
respectively, Whenever lightness level is chosen by the selection means, based on the lightness beforehand set up to 
each peak of a polygon, the lightness in each pixel position inside a polygon is calculated. Only when the lightness in 
each pixel position concerned is within the limits of the lightness corresponding to the selected lightness level, it has a 
drawing means to draw the pixel concerned by the color based on the color beforehand set as the criteria lightness and 
the polygon corresponding to the selected lightness level. 

[0016] By making a computer perform each step in the rendering method concerning the 1st of this invention, and the 
2nd mode, it becomes possible to acquire the same effect as the rendering method described in the top. Therefore, the 
rendering technology of this invention can carry out now easily by such hardware by performing the indicated 
processing step using hardware, such as a computer. 

[0017] The program for carrying out the rendering of the solid model concerning the 5th mode of this invention which 
has been arranged in a virtual space and consisted of two or more polygons The 1st step which calculates the 1 st 
lightness distribution to the field where a polygon should be drawn based on the lightness beforehand set as the 
computer to each peak of a polygon for every polygon, The 2nd lightness distribution replaced with the typical 
lightness which the level division of the lightness is carried out in the fixed range, and typical lightness is assigned to 
each level, and was able to assign the 1st lightness distribution calculated at the 1st step for every level of lightness, It 
is a program for performing the 2nd step which generates a classification-by-color cloth based on the color beforehand 
set as the polygon, and draws a polygon with the classification-by-color cloth concerned. 

[0018] Moreover, the program for the rendering concerning the 6th mode of this invention The 1st step which chooses 
every one lightness level from two or more lightness level by which the level division of the lightness is carried out in 
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the fixed range, and criteria lightness was respectively matched beforehand with the computer, Whenever lightness 
level is chosen at the 1st step, based on the lightness beforehand set up to each peak of a polygon, the lightness in each 
pixel position inside a polygon is calculated. Only when the lightness in each pixel position concerned is within the 
limits of the lightness corresponding to the selected lightness level, it is a program for performing the 2nd step which 
draws the pixel concerned by the color based on the color beforehand set as the criteria lightness and the polygon 
corresponding to the selected lightness level. 

[0019] The program concerning the 5th of this invention and the 6th mode is stored in a record medium or storage, 
such as CD-ROM, a floppy disk, a memorv cartridge, memory, and a hard disk. Thus, the game equipment described 
by the rendering equipment described in the top and the following is realizable by making the program stored in a 
record medium or storage read into a computer. Moreover, by making this into a software product, with equipment, it 
can distribute and can sell now independently easily with a record medium. Furthermore, the graphics technology of 
this invention can carry out now easily by such hardware by executing this program using hardware, such as a 
computer. 

[0020] Moreover, the program concerning the 6th mode of this invention can apply the deformation described about 
the 2nd mode of this invention. 

[0021] The game equipment which carries out the rendering of the solid model which is furthermore applied to the 7th 
mode of this invention, and which has been arranged in a virtual space and consisted of two or more polygons has the 
means which reads the program concerned from the record medium which stored the program which a computer and a 
computer are made to execute, and in which computer reading is possible. And the calculation function which 
calculates the 1st lightness distribution to the field where a polygon should be drawn based on the lightness by which 
the program is beforehand set as the computer to each peak of a polygon for every polygon, The 2nd lightness 
distribution replaced with the typical lightness which the level division of the lightness is carried out in the fixed range, 
and typical lightness is assigned to each level, and was able to assign the 1 st lightness distribution calculated by the 
calculation function for every level of lightness, A classification-by-color cloth is generated based on the color 
beforehand set as the polygon, and the drawing function which draws a polygon with the classification-by-color cloth 
concerned is made to carry out. 

[0022] Moreover, the game equipment concerning the 8th mode of this invention has the means which reads the 
program concerned from the record medium which stored the program which a computer and a computer are made to 
execute, and in which computer reading is possible. And the optional feature which chooses every one lightness level 
from two or more lightness level with which the level division of the program is carried out in the range with fixed 
lightness at the computer, and criteria lightness was matched beforehand respectively, Whenever lightness level is 
chosen by the optional feature, based on the lightness in each peak of a polygon, the lightness in each pixel position 
inside a polygon is calculated. Only when the lightness in each pixel position concerned is within the limits of the 
lightness corresponding to the selected lightness level, the drawing function which draws the pixel concerned by the 
color based on the color beforehand set as the criteria lightness and the polygon corresponding to the selected lightness 
level is made to carry out. 

[0023] The game equipment furthermore applied to the 9th mode of this invention The means which reads the program 
concerned from the record medium which stored the program which a computer and a computer are made to execute, 
and in which computer reading is possible, A calculation means to calculate the 1st lightness distribution to the field 
where the aforementioned polygon should be drawn based on the lightness beforehand set up to each peak of a polygon 
according to the read program for every polygon, According to the read program, the level division of the lightness is 
carried out in the fixed range, and typical lightness is assigned to each level. A classification-by-color cloth is 
generated based on the 2nd lightness distribution which transposed the 1 st lightness distribution calculated by the 
calculation means to the typical lightness which was able to be assigned for every level of lightness, and the color 
beforehand set as the polygon, and it has a drawing means to draw a polygon with the classification-by-color cloth 
concerned. 

[0024] The means which reads the program concerned from the record medium which stored the program which makes 
a computer and a computer perform the game equipment concerning the 10th mode of this invention, and in which 
computer reading is possible, A selection means to choose every one lightness level from two or more lightness level 
with which the level division of the lightness is carried out in the fixed range, and criteria lightness was respectively 
matched beforehand according to the read program, Whenever lightness level is chosen with a selection means 
according to the read program Based on the lightness in each peak of a polygon, the lightness in each pixel position 
inside a polygon is calculated. Only when the lightness in each pixel position concerned is within the limits of the 
lightness corresponding to the selected lightness level, it has a drawing means to draw the pixel concerned by the color 
based on the color beforehand set as the criteria lightness and the polygon corresponding to the selected lightness level. 
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[0025] 

1 Embodiments of the Invention] First, when carrying out this invention by the computer program, an example of a 
computer 1000 which executes the computer program concerned is shown in drawing 1 . The computer 1000 contains 
the main part 101 of a computer, and this main part 101 of a computer contains the data-processing section 103 
connected to the internal bus 1 19, memory 105, a hard disk drive HDD 107, the sound processing section 109, the 
graphics operation section 111, CD-ROM drive 1 13, a communication interface 115, and the interface section 117. 
[0026] The graphics operation section 1 1 1 is connected to the display 121 which has the display screen at the sound 
output unit 125 whose sound processing section 109 of this main part 101 of a computer is a loudspeaker. Moreover, 
CD-ROM drive 1 13 can be equipped with CD-ROM 13 1 . A communication interface 1 1 5 is connected through a 
network 151 and communication media 141 . The input unit 161 is connected to the interface section 117. 

[0027] The data-processing section 103 executes the program stored on HDD107 or CD-ROM131 including CPU, 
ROM, etc., and controls a computer 1000. Memory 105 is the work area of the data-processing section 103. HDD 107 
is a storage region for saving a program and data. When it is being directed that the program currently performed by 
the data-processing section 103 performs a sound output, the sound processing section 109 interprets the directions, 
and outputs a sound signal to the sound output unit 125. 

[0028] The graphics operation section 1 1 1 outputs the signal for displaying on the display screen of display 121 
according to the drawing instruction outputted from the data-processing section 103. CD-ROM drive 113 reads the 
program and data on CD-ROM131. It connects with a network 151 through communication media 141, and a 
communication interface 1 1 5 performs communication with other computers etc. The interface section 117 outputs the 
input from an input unit 161 to memory 105, and the data-processing section 103 interprets it and it carries out data 
processing. 

[0029] The program and data concerning this invention are memorized by the beginning 131, for example, CD-ROM. 
And this program and data are read by CD-ROM drive 1 1 3 at the time of execution, and are loaded to memory 1 05. 
The data-processing section 103 processes the program and data concerning this invention which were loaded to 
memory 105, and outputs a drawing instruction to the graphics operation section 1 1 1. In addition, middle-data are 
memorized by memory 105. The graphics operation section 1 1 1 processes according to the drawing instruction from 
the data-processing section 103, and outputs the signal for displaying on the display screen of display 121. 
[0030] Next, an example of the graphics operation section 1 1 1 shown in drawing 1 is explained in detail using drawing 

2 . The graphics operation section 111 The exchange with the internal bus 1 19 An exchange of the bus control section 
201 and the bus control section 201 to perform, and data The pixel color processing section 209 which carries out 
reception processing for the data from the geometric operation part 207 to perform and the triangle drawing processing 
section 205, and the triangle drawing processing section 205, and Z value of each pixel are stored, by and the pixel 
color processing section 209 Z-uffer 21 1 used and the frame buffer 213 which stores the data for the display screens 
from the pixel color processing section 209 are included. In addition, the status signal from a frame buffer 21 3 is 
outputted to display 121. 

[003 1 ] The bus control section 201 of the graphics operation section 1 1 1 receives through the internal bus 1 1 9, and 
outputs the drawing instruction outputted from the data-processing section 103 to the geometric operation part 207 in 
the graphics operation section 1 1 1, or the triangle drawing processing section 205. Processing for outputting the output 
of the geometric operation part 207 or the triangle drawing processing section 205 to memory 105 through the internal 
bus 119 depending on the case is also performed. The geometric operation part 207 carries out geometric operations, 
such as coordinate transformation, light source calculation, rotation, and reduction expansion. The geometric operation 
part 207 outputs the result of a geometric operation to the triangle drawing processing section 205. 
[0032] The triangle drawing processing section 205 interpolates the data of each vertex of a triangle polygon, and 
generates the data in each point inside a triangle polygon. The pixel color processing section 209 uses the data in each 
point inside the triangle polygon which the triangle drawing processing section 205 generates, and writes a display 
image in a frame buffer 213. Under the present circumstances, hidden surface elimination is performed using Z-uffer 
211. Especially in this invention, since the triangle drawing processing section 205 generates alpha value showing 
transparency about each point inside a triangle polygon, the pixel color processing section 209 also carries out 
processing which memorizes the color in the point to the position of a frame buffer 213, only when this alpha value is 
fixed within the limits. 

[0033] For example, the data-processing section 103 uses the information about the position, the color, and the light 
source of each vertex of a triangle polygon in a world-coordinate system as data at the graphics operation section 111, 
and when the drawing instruction to which transparent transformation and light source calculation are performed is 
outputted, the following processings are carried out within the graphics operation section 111. 



Page 5 of 13 



[0034] The bus control section 201 which received the drawing instruction outputs an instruction to the geometric 
operation part 207. The geometric operation part 207 carries out transparent transformation and light source 
calculation, and calculates the coordinate value (Z value is included) and color in a screen coordinate system of each 
vertex of a triangle polygon. The geometric operation part 207 outputs this calculation result to the triangle drawing 
processing section 205. The triangle drawing processing section 205 calculates the coordinate value (Z value is 
included) and color in each pixel inside a triangle polygon using the coordinate value (Z value is included) and color in 
each vertex of a triangle polygon. Furthermore, the triangle drawing processing section 205 outputs the coordinate 
value (Z value is included) and color in each of this pixel to the pixel color processing section 209. 
[0035] The pixel color processing section 209 reads the present Z value of the pixel concerned from Z-uffer 211, and 
compares with Z value outputted from the triangle drawing processing section 205. If outputted Z value is smaller than 
the present Z value, the pixel color processing section 209 stores outputted Z value in the storage location in Z-uffer 
211 corresponding to the pixel concerned, and stores the color of the pixel concerned in the storage location in the 
frame buffer 213 corresponding to the coordinate value of the pixel concerned. 
[0036] The form of each operation shown below is carried out by computer shown in drawing 1 . 
[0037] 1 . Explain the outline of the form 1 of operation of this invention to the primary form of operation using the 
functional block diagram of drawing 3 . With the form 1 of operation, the light source calculation section 400, the 
lightness calculation section 410, the lightness range table 430, the color calculation section 420 for drawing, the 
lightness entry section 440, and the drawing section 450 containing the lightness comparator 455 are included. 
[0038] The light source calculation section 400 performs transparent transformation on a screen about each peak of the 
polygon in the solid model arranged for example, in virtual three-dimensions space, and performs light source 
calculation about each peak of the polygon by which transparent transformation was carried out. Light source 
calculation calculates shading (brightness) produced with the imagination beam of light emitted from the light source. 
Next, the lightness calculation section 410 calculates lightness from the color in each peak of the polygon which the 
light source calculation section 400 calculated. Usually, since the light source calculation section 400 calculates the 
color in a RBG system, the lightness calculation section 410 carries out YIQ conversion of this RGB, and searches for 
Lightness Y. The lightness in each peak of this polygon is outputted to the drawing section 450. 
[0039] On the other hand, the lightness range table 430 is prepared in the form 1 of operation. This lightness range 
table 430 is a table like drawing 4 . That is, a threshold and criteria lightness are set as criteria lightness 0.25 and three 
stages (level) to the criteria lightness 0.50 and the threshold 0.00 on the table used as the pair here to the criteria 
lightness 0.75 and the threshold 0.5 to the threshold 0.75. In addition, lightness shall take the values from 0 to 1 here. 
Specification of the range by not a threshold but the upper limit and the minimum is sufficient (for example, refer to 
drawing 9 ). With reference to this lightness range table 430, the color calculation section 420 for drawing calculates 
the color for drawing corresponding to each threshold. The color for drawing corresponding to each threshold is 
calculated using the information on the color beforehand set as the criteria lightness and each polygon corresponding to 
a threshold. The color calculation section 420 for drawing outputs the calculated color for drawing to the drawing 
section 450. 

[0040] The lightness entry section 440 chooses one threshold of the lightness range table 430, and sets it as the drawing 
section 450. Every one lightness entry section 440 is set up in an order from the top, when using a lightness range table 
430 like drawing 4 as it is. When the range by not a threshold but the upper limit and the minimum is specified, 
selection and a setup are possible at random. 

[0041] The drawing section 450 calculates the lightness (lightness distribution in a polygon) in each pixel inside a 
polygon by interpolating the lightness in each peak of the polygon outputted from the lightness calculation section 410. 
This calculation is performed in the triangle drawing processing section 205 of drawing 2 . The algorithm or the 
algorithm of phong shading of gouraud shading is sufficient as the method of interpolation. 

[0042] And the lightness comparator 455 compares the lightness in each of this pixel with the threshold which the 
lightness entry section 440 set up, and with [ the lightness in a pixel ] a threshold [ more than ], the pixel concerned is 
drawn in the color for drawing based on the criteria lightness corresponding to this threshold. With [ the lightness in a 
pixel ] a threshold [ under ], this pixel is not drawn in this stage. Drawing processing including this comparison 
processing is performed in the pixel color processing section 209 of drawing 2 . If the lightness entry section 440 sets 
up about all the thresholds of the lightness range table 430 and the drawing section 450 processes all the pixels in a 
polygon corresponding to it, the interior of a polygon will be distinguished with the example of drawing 4 by the three- 
stage. 

[0043] Although it is unclear since the color for drawing is beforehand calculated in the processing described in the 
top, in addition, the upper processing The lightness (lightness distribution in a polygon) in each pixel is replaced with 
the criteria lightness corresponding to the lightness range to which the lightness belongs (the 2nd lightness distribution 
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in a polygon generated). It is substantially [ as the processing which draws in the color for drawing (classification-by- 
color cloth in a polygon) generated from the color beforehand set as the polygon, and its criteria lightness ] the same. 
[0044] In addition, in using a lightness range table 430 like drawing 4 as it is, hidden surface elimination by Z-uffer is 
further needed. For example, if drawing 4 is followed, since the lightness or more of 0.75 is also 0.5 or more and 0.0 or 
more, it will be for setting up the upper limit of the lightness range so that the color for drawing may not be applied in 
piles. With [ the lightness of a certain pixel ] 0.75 [ or more ], this pixel is drawn in the color for drawing 
corresponding to this threshold 0.75, and Z value of the pixel is memorized by Z-uffer. 

[0045] Although it is compared with Z value of the same pixel which Z value of the pixel concerned is read from Z- 
uffer, and tends to write in when a threshold is set to 0.5, since they are the same, naturally the color for drawing 
corresponding to a threshold 0.5 is not written in a frame buffer about the pixel. The same is said of the threshold 0.0. 
[0046] Moreover, the lightness in the peak of a polygon and the pixel inside a polygon is dealt with as attribute value 
of the color (RGB) alpha usually used as transparency. Usually, since alpha value is defined in 0-255, what doubled 
lightness 255 is actually used for attribute value alpha. Therefore, the threshold (an upper limit and lower limit) of the 
lightness range table 430 may be a value of the range of 0-255. 
[0047] Next, the processing flow about the form 1 of operation is explained. 

The processing flow of the whole form 1 of operation is shown in [whole processing flow] drawing 5 . A start of 
processing sets up the state in a virtual space first (Step S2). When this changes the position of a view, change the 
position of the light source, a solid model is moved or a solid model is transformed, it is processing which changes the 
state in a virtual space according to it. Next, solid model drawing processing in the form 1 of operation is carried out 
(Step S3). This is explained in detail using drawing 6 . And these steps S2 and S3 are repeated till a processing end 
(StepS4). 

[0048] [Solid model drawing processing] explains the flow of solid model drawing processing of the form 1 of 
operation using drawing 6 . First, initial setting is performed (Step S23). In this initial setting, the lightness range table 
(for example, drawing 4 or drawing 9 ) corresponding to a solid model is acquired. Next, transparent transformation 
and light source calculation are performed to a polygon with the solid model (Step S25). Transparent transformation 
changes the coordinate value of each peak of the polygon of a world-coordinate system into the coordinate value in a 
screen coordinate system. Light source calculation calculates shading (brightness) produced with the imagination beam 
of light emitted from the light source. 

[0049] In addition, there is two technique in light source calculation in this invention. (A) It is the technique of not 
taking into consideration the color of the technique and the (B) material in consideration of the color of the material 
defined as the polygon. In (A), it calculates by the following formulas. 
Equation 1] 
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[0050] In addition, n of PnO, Pnl, Pn2, Nnx, Nny, Nnz, Pnr, Png, Pnb, Cnr, Cng, and Cnb shows the n-th peak, x 
components of a normal [ in / the n-th peak / in Nnx ], y component of a normal / in / the n-th peak / in Nny ], and Nnz 
are z components of the normal in the n-th peak. LightMatrix is a matrix made by the normalization light source 
vector, and shows below the case where the parallel light source can be defined to three. Moreover, LColorMatrix has 
as a component the color of the beam of light emitted from the light source, and shows below the case where the light 
source can be defined to three. M means the color of the material of a polygon and rgb shows the component. The 
outputs in (A) are Cnr, Cng, and Cnb. 
[Equation 2] 
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[0051] In addition, LOx, LOy, and LOz are the components of the normalization light source vector 0, Llx, Lly, and 
Liz are the components of the normalization light source vector 1, and L2x, L2y, and L2z are the components of the 
normalization light source vector 2. Moreover, LCOr, LCOg, and LCOb of the color of the beam of light of the light 
source vector 0 are components, LClr, LClg, and LClb of the color of the beam of light of the light source vector 1 
are components, and LC2r, LC2g, and LC2b of the color of the beam of light of the beam-of-light vector 2 are 
components. In addition, each component of a color takes the value between 0.0 and 1.0. For example, it becomes the 
following matrices, in accepting it light source 0, existing and using the white light at the angle of 45 degrees to a XYZ 
shaft. 

[Equation 31 
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LColorMatrix= 



1.0000 0.0000 0.0000 1 
1.0000 0.0000 0.0000 
1.0000 0.0000 0.0000 
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0052] Moreover, in (B), it calculates by the following formulas. 
Equation 4] 
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[0053] Naturally the results of two formulas differ and are right. [ of the calculation result of (A) ] However, (B) is 
compared with (A), and since there is little computational complexity, it can accelerate processing. In addition, the 
quality of a picture does not usually change. 

[0054] Next, the lightness in each peak of a polygon is calculated (Step S27). YIQ conversion is performed in 
calculation of lightness. When it asks for the color in the peak by the technique of of (A) described in the top, it 
calculates by the following formulas. 
[Equation 5] 
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[0055] When it asks for the color in the peak by the technique of of (B) described in the top, it calculates by the 
following formulas. 
[Equation 6] 
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[0056] In addition, the matrix containing the numeric value is the 1st line of 3x3 matrices for the conversion to YIQ 
from RGB. 3x3 matrices (transformation matrix) are shown below by way of precaution. 
[Equation 7] 
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f 0.299 0.587 0.114 
0.596 -0.274 0.322 
"0.212 -0.523 0.311 



(9) 



[0057] The data structure of the solid model before transparent transformation is shown in drawing 7 . Drawing 7 (a) is 
the data structure of a solid model, and a triangle polygon has it by N all. A three square shape each polygon has the 
color (YIQ) and three vertex data indexes (IDX) of a material, as shown in drawin g 7 (b). Although it has the color of a 
material by the YIQ system here, you may have by the RGB system. If the peak data IDX are used, the information 
about the peak can be acquired from the peak data table shown in drawing 7 (c). 

[0058] The normal vector (Nnx, Nny, Nnz) is remembered to be the three-dimensions coordinate (Pnx, Pny, Pnz) of 
the peak concerned for every peak data IDX by the peak data table (n is a peak number). If transparent transformation 
is performed, the data structure of a triangle polygon will change. The thing corresponding to drawing 7 (b) is shown in 
drawing 8 . The coordinate value (x y, z) in a screen coordinate system, the color (r, g, b) in the peak concerned, and 
alpha value will be memorized for every peak. The lightness calculated at Step S27 to the field which memorizes this 
alpha value is memorized. Moreover, although explained in detail below, when the triangle drawing processing section 
205 processes, three vertices store the color for drawing corresponding to the lightness range in a color (r, g, b). In 
addition, although the range of lightness is 0.0 to 1 .0, since alpha value is the integer of 0 to 255, it uses the thing 
which is lightness as an alpha value and which was doubled 255. 

[0059] Then, it returns to drawing 6 and a processing flow is explained. The color for drawing of a polygon is 
calculated after Step S27 (Step S29). The color for drawing of a polygon is calculated from the color of the criteria 
lightness corresponding to each lightness range stored in the lightness range table, and the polygon concerned. For 
example, when the color of a polygon is held as a color of a YIQ system, only IQ is used among YIQ(s) and it 
calculates by the following formulas using each criteria lightness Tn. 
Equation 8] 
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[0060] If there is three criteria lightness Tn (Tl, T2, T3), three colors for drawing can be found. In addition, when the 
color of a polygon is not held as a color of a YIQ system (i.e., when holding as a color of a RGB system), calculation 
changed into YIQ from RGB by the transformation matrix shown in the top is performed. Moreover, although 
calculation results differ, the following calculation is performed when the color for drawing needs to be calculated at 
high speed. 
[Equation 9] 
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[0061] M is a meaning called the color of the material of a polygon. Although calculation results differ and some 
quality of image also differs by two upper formulas, a picture with the second almost same direction can be acquired at 
high speed. 

[0062] Next, the lightness range of a lightness range table is chosen (Step S31). In addition, although the lightness 
range table shown in drawing 4 is used with the form of this operation, a lightness range table like drawing 9 can also 
be used. Drawing 9 shows the example of the table on which the lightness range was specified by the upper limit and 
the minimum. That is, criteria lightness 0.25 is set up to the criteria lightness 0.50, and the upper limit 0.49 and 
minimum 0.00 of the lightness range to the criteria lightness 0.75, and the upper limit 0.74 and minimum 0.50 of the 
lightness range to the upper limit 1 .00 and minimum 0.75 of the lightness range. When using such a lightness range 
table, the lightness range containing an upper limit and a minimum can be chosen at random, and can be set up. 
However, drawin g 9 shows the case of the effective computer to the 2nd place of a small number. The lightness range 
is chosen as the upper shell turn of drawing 9 when comparison with two lightness values of the lightness of each 
pixel, an upper limit, and a minimum cannot carry out easily in lightness comparison processing in which it explains 
below. And it will process only by the lower limit in this case. 

[0063] Then, the lightness (lightness distribution in a polygon) in each pixel inside the polygon concerned is calculated 
by interpolating the lightness in the peak of this polygon. Although the color of the peak is also interpolated, the result 
is the same, even if it interpolates the three peaks, since it is the same color for drawing. And if the lightness in the 
pixel concerned is selected lightness within the limits, it will draw in the color for drawing corresponding to the 
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selected lightness range concerned (Step S33). The triangle drawing processing section 205 in drawing 2 carries out 
interpolation processing of lightness. The pixel color processing section 209 carries out comparison processing of 
whether the lightness in each pixel is selected lightness within the limits. They are repeated until it processes these 
steps S31 and S3 3 about all lightness ranges (Step S3 5). 

[0064] For example, when the pixel color processing section 209 cannot deal with two lightness values, an upper limit 
and a minimum, the same effect can be acquired by using Z-uffer 211 together. Although Z-uffer 21 1 is used for 
hidden surface elimination, with the form of this operation, the same effect as the upper-limit comparison function of 
lightness is done so. 

[0065] For example, when there is a lightness range table like drawing 4 , a threshold 0.75 is chosen first. And the 
triangle drawing processing section 205 interpolates the lightness and the coordinate (Z value is included) of each 
vertex of a polygon by the instruction from the data-processing section 203, and the lightness and the coordinate (Z 
value is included) of each pixel are calculated, and it goes. In addition, if the three peaks set the color as the color for 
drawing corresponding to a threshold 0.75, even if it interpolates, the color of each pixel will turn into a color for 
drawing. 

[0066] Z value and Z value of the pixel stored in Z-uffer 21 1 of the pixel which the pixel color processing section 209 
compared the lightness and the threshold 0.75 of a pixel by the instruction from the data-processing section 203, and 
was called for by interpolation are compared. If Z value of the pixel which the lightness of a pixel is 0.75 or more 
thresholds, and was called for by interpolation is smaller than Z value of the pixel stored in Z-uffer 211, the pixel color 
processing section 209 will write the color for drawing corresponding to a threshold 0.75 in a frame buffer 213 as a 
color of the pixel. 

[0067] drawing of this polygon comes out for the first time, and with [ lightness ] 0.75 [ or more ], the color for 
drawing is written in Two examples, the triangle polygon 601 and the triangle polygon 602, are shown in drawing 10 
(a). Each lightness of the vertices PI 1, P12, and P13 of the triangle polygon 601 is set as 0.0, and 1 .0 and 1 .0. 
moreover, each lightness of the vertices P21, P22, and P23 of the triangle polygon 602 — 0.0 and 0. — it is set as 5 and 
1 .0 If processing described in the top is carried out, it will be painted into the portion to which it is applied in the three 
square shape each polygon in the color for drawing. 

[0068] Next, a threshold 0.5 is chosen. And the triangle drawing processing section 205 calculates the lightness and the 
coordinate (Z value is included) of each pixel inside a polygon by the instruction from the data-processing section 203. 
Z value and Z value of the pixel stored in Z-uffer 21 1 of the pixel which the pixel color processing section 209 
compared the lightness and the threshold 0.5 of a pixel by the instruction from the data-processing section 203, and 
was called for by calculation are compared. If Z value of the pixel which the lightness of a pixel is 0.5 or more 
thresholds, and was called for by calculation is smaller than Z value of the pixel stored in Z-uffer 211, the pixel color 
processing section 209 will write the color for drawing corresponding to a threshold 0.5 in a frame buffer 213 as a 
color of the pixel. 

[0069] If Z-uffer 21 1 is not used, it will be painted to the field of lightness 1.0-0.5 in the color for drawing 
corresponding to a threshold 0.5 like drawing 10 (b). About a 0.75 or more lightness field, since Z value calculated by 
calculation is the same as Z value stored in Z-uffer 211, the color for drawing corresponding to a threshold 0.5 is not 
written [ field / 0.75 or more lightness ] in a frame buffer 213. That is, as shown in drawing 10 (c), it is painted in a 
different color for drawing by the field of lightness 0.5-0.74, and the 0.75 or more lightness field. 
[0070] The example of drawing 4 shows the result which processed the threshold 0.0 similarly to drawing 11 . Each 
lightness of the vertices PI 1, P12, and P13 of the triangle polygon 601 in d rawin g 1 1 is set as 0.0, and 1.0 and 1.0. 
moreover, each lightness of the vertices P21, P22, and P23 of the triangle polygon 602 — 0.0 and 0. — it is set as 5 and 
1.0 The number, 0.5 and 0.75, surrounded by the dotted line shows the threshold of lightness. [ i.e., ] In this way, a 
three square shape each polygon will be divided into three fields, and it will be painted in the color for drawing. 
[0071] The result of gouraud shading is shown in drawing 12 . Each lightness of the vertices P31, P32, and P33 of the 
triangle polygon 61 1 in drawing 12 is set as 0.0, and 1.0 and 1.0. moreover, each lightness of the vertices P41, P42, and 
P43 of the triangle polygon 612 — 0.0 and 0. — it is set as 5 and 1.0 That is, the lightness of each vertex is the same as 
the triangle polygons 601 and 602 shown in d rawing 1 1 respectively. However, only as for the boundary of the 
classified field, at gouraud shading, lightness changes by drawing 1 1 to lightness changing with interpolation 
smoothly. That is, it turns out that three fields whose lightness is flats exist and it has become a cell animation tone. 
[0072] In addition, the value of the smallest lower limit of a lightness range table may not be 0.0. In order to lose the 
portion to which no colors are given within the polygon, in the repeat of the drawing 6 step S35, a lower limit is set to 
0.0 by the last repeat, and Steps S3 1 and S33 are carried out. 

[0073] It repeats until it processes even Step S25 or S35 about all polygons above (Step S37). Thereby, all the 
polygons of a solid model can be distinguished with the lightness of a predetermined stage, and can acquire the picture 
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of a cell animation tone now. Furthermore, since these processings can be performed at high speed by computer, it can 
draw on real time. 

[0074] It is better for the lightness range table described in the top to create the optimal thing for every solid model. 
However, a solid model is divided into some categories and you may make it prepare a lightness range table for every 
category of the. The lightness range of numbers contained in a lightness range table can consider making it 2 or 3 
according to actual cell animation. However, since the number of times of a repeat in Step S3 5 of drawing 6 only 
increases in processing which was described above, it is also easily possible to make it which [ two or more ] number. 
However, since the number of times of a repeat increases, if a number increases, processing will become slow and will 
go. 

[0075] 2. Unlike the gestalt 1 of operation, the gestalt 2 of gestalt 2 implementation of operation calculates it 
beforehand rather than calculates the color for drawing on real time, and stores it as data. If it does in this way, 
processing speed will become quick from the gestalt 1 of operation. In addition, although what was necessary was just 
to have had data of 1 classification by color per polygon with the gestalt 1 of operation since it had calculated from the 
color of the material of a polygon, and the criteria brightness of a lightness range table, it is necessary to hold the color 
data for line count of a lightness range table per polygon with the gestalt 2 of operation. 

[0076] The functional block diagram of the gestalt 2 of operation is shown in drawing 13 . With the gestalt 2 of 
operation, the light source calculation section 500, the lightness calculation section 510, the lightness range table 530, 
the lightness entry section 540, the drawing section 450 containing the lightness comparator 555, and the color storing 
section 520 for drawing are included. A different point from the gestalt 1 of operation is that the color storing section 
520 for drawing is contained instead of the color calculation section 420 for drawing. 

[0077] The color storing section 520 for drawing needs to keep three color data for drawing per each polygon, when 
using a lightness range table like drawing 4 . Namely, when there are N polygons, correspond to the 1st lightness range 
of a polygon 0 (C'Olr, COlg, COlb). Correspond to the 2nd lightness range of a polygon 0 (C02r, C'02g, C02b). From 
corresponding to the 3rd lightness range of a polygon 0 (C03r, C'03g, C ? 03b) Correspond to the 1st lightness range of a 
polygon N-l (C(N-l)lr, C(N-1) Ig, C(N-1) lb), the 3rd lightness range of a polygon N-l corresponding to the 2nd 
lightness range of a polygon N-l (C(N-l)2r, C(N-1) 2g, C'(N-1) 2b) - corresponding (C(N-l)3r, C(N-1) 3g, C(N-1) 
3b) — it is kept 

[0078] The drawing section 550 takes out the color for drawing corresponding to the lightness range set up by the 
lightness entry section 540 from the color storing section 520 for drawing. The color storing section 520 for drawing is 
CD-ROM 1 3 1 or HDD 1 07. 

[0079] The light source calculation section 500 performs transparent transformation on a screen about each peak of the 
polygon in the solid model arranged for example, in virtual three-dimensions space, and performs light source 
calculation about each peak of the polygon by which transparent transformation was carried out. Next, the lightness 
calculation section 510 calculates Lightness Y from the color in each peak of the polygon which the light source 
calculation section 500 calculated. The lightness in each peak of this polygon is outputted to the drawing section 550. 
For example, when a lightness range table 530 like drawing 4 is prepared, the lightness entry section 540 chooses one 
threshold of the lightness range table 530 from a top one by one, and sets it as the drawing section 550. 
[0080] In the drawing section 550, the lightness in each pixel inside a polygon is calculated by interpolating the 
lightness in each peak of the polygon outputted from the lightness calculation section 510. Here, Z value in each pixel 
inside a polygon is also calculated by interpolating Z value of each peak. This calculation is performed in the triangle 
drawing processing section 205 of drawing 2 . And when the Z value by which the lightness in the pixel concerned was 
calculated with interpolation from the present larger and Z value than a threshold is smaller as compared with Z value 
which the lightness comparator 555 compared the lightness in each of this pixel with the threshold which the lightness 
entry section 540 set up, and took out the present Z value of the pixel concerned from Z-uffer, and was calculated by 
interpolation, the pixel concerned is drawn in the color for drawing corresponding to this threshold. 
[0081] When the lightness in a pixel is beyond Z value by which under the threshold or the present Z value was 
calculated with interpolation, it does not draw this pixel in this stage. Drawing processing including this comparison 
processing is performed in the pixel color processing section 209 of dra wing 2 . If the lightness entry section 540 sets 
up about all the thresholds of the lightness range table 530 and the drawing section 550 processes all the pixels in a 
polygon corresponding to it, the interior of a polygon will be distinguished with the example of draw ing 4 by the three- 
stage. 

[0082] As long as it was shown in [whole processing flow] drawing 5 , the processing flow of the whole gestalt 1 of 
operation is the same also with the gestalt 2 of operation. That is, the state in a virtual space is set up first (Step S2). 
Next, solid model drawing processing in the gestalt 2 of operation is carried out (Step S3). This is explained in detail 
using drawing 14 . And these steps S2 and S3 are repeated till a processing end (step S4). 
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[0083] The flow of the solid model drawing processing in the gestalt 2 of the operation to [solid model drawing 
processing] draw ing 14 is shown. The difference with drawing 6 is in the point that the content of processing of initial 
setting of Step S53 of drawing 14 differs from the content of processing of Step S23 of drawing 6 , and the point that 
Step S29 of drawing 6 replaced Step S59 of drawing 14 . That is, with the gestalt 2 of operation, although the color for 
drawing was calculated in drawin g 6 each time, since it calculates and stores beforehand, the processing which 
incorporates beforehand the color data for drawing for solid models which draw in Step S53 is needed. Moreover, the 
processing which reads the color for drawing of a polygon in Step S59 is needed. In addition, even if it performs Step 
S59 before Steps S55 and S57 and carries out after Step S61, you may carry out in parallel to those steps. What is 
necessary is just to read, by the time it actually uses it, since it is calculated and stored beforehand. 
[0084] Then, drawing 14 is explained concretely. Initial setting is performed first (Step S53). In this initial setting, the 
lightness range table and the color data for drawing corresponding to a solid model are acquired. Next, transparent 
transformation and light source calculation are performed to a polygon with the solid model (Step S55). The technique 
of not taking into consideration the color of the technique and the (B) material in consideration of the color of the 
material defined as the (A) polygon explained with the gestalt 1 of operation is applicable also with the gestalt 2 of 
operation. 

[0085] Next, the lightness in each peak of a polygon is calculated (Step S57). And the color for drawing of the polygon 
concerned is read (Step S59). The lightness range of a lightness range table is chosen (Step S61). Here, it supposes that 
a lightness range table like drawing 4 is used, and the lightness range of drawing 4 will be chosen and set up in an 
order from a top. Then, the lightness in each pixel inside the polygon concerned is calculated by interpolating the 
lightness in the peak of this polygon. 

[0086] And if the lightness in the pixel concerned is selected lightness within the limits, it will draw in the color for 
drawing corresponding to the selected lightness range concerned (Step S63). The triangle drawing processing section 
205 in drawing 2 carries out interpolation processing of lightness. The pixel color processing section 209 carries out 
comparison processing of whether the lightness in each pixel is selected lightness within the limits. They are repeated 
until it processes these steps S61 and S63 about all lightness ranges (Step S65). 

[0087] Z-uffer 21 1 is used together at Step S63. When there is a lightness range table like drawing 4 , a threshold 0.75 
is chosen first. And the triangle drawing processing section 205 interpolates the lightness and the coordinate (Z value is 
included) of each vertex of a polygon by the instruction from the data-processing section 203, and the lightness and the 
coordinate (Z value is included) of each pixel are calculated, and it goes. Z value and Z value of the pixel stored in Z- 
uffer 21 1 of the pixel which the pixel color processing section 209 compared the lightness and the threshold 0.75 of a 
pixel by the instruction from the data-processing section 203, and was called for by interpolation are compared. 
[0088] If Z value of the pixel which the lightness of a pixel is 0.75 or more thresholds, and was called for by 
interpolation is smaller than Z value of the pixel stored in Z-uffer 21 1, the pixel color processing section 209 will write 
the color for drawing corresponding to a threshold 0.75 in a frame buffer 213 as a color of the pixel. Next, a threshold 
0.5 is chosen. And the triangle drawing processing section 205 calculates the lightness and the coordinate (Z value is 
included) of each pixel inside a polygon by the instruction from the data-processing section 203. The pixel color 
processing section 209 compares Z value and Z value of the pixel stored in Z-uffer 21 1 of the pixel which compared 
the lightness and the threshold 0.5 of a pixel and was called for by calculation. 

[0089] If Z value of the pixel which the lightness of a pixel is 0.5 or more thresholds, and was called for by calculation 
is smaller than Z value of the pixel stored in Z-uffer 21 1, the pixel color processing section 209 will write the color for 
drawing corresponding to a threshold 0.5 in a frame buffer 213 as a color of the pixel. About a 0.75 or more lightness 
field, since Z value calculated by calculation is the same as Z value stored in Z-uffer 21 1, the color for drawing 
corresponding to a threshold 0.5 is not written [ field / 0.75 or more lightness ] in a frame buffer 213. A threshold 0.0 is 
processed similarly. 

[0090] It repeats until it processes even Step S55 or S65 about all polygons above (Step S67). Thereby, all the 
polygons of a solid model can be distinguished with the lightness of a predetermined stage, and can acquire the picture 
of a cell animation tone now. Furthermore, since these processings can be performed at high speed by computer, it can 
draw on real time. Especially the gestalt 2 of operation is further accelerated from the gestalt 1 of operation. 
[0091] 3. In the other gestalten 1 of modification (1) operation, although the processing which calculates the color for 
drawing of a polygon after Steps S25 and S27 by drawing 6 showing solid model drawing processing is to be carried 
out as Step S29, if it will be calculated by the time it uses the color for drawing at Step S33, it will be satisfactory. 
Therefore, even if it performs Step S29 Step S25 or before S27, it performs it in parallel to Steps S25 and S27 and it 
carries out after Step S3 1 , you may carry out in parallel to Step S31. 

[0092] (2) Calculate the lightness Y of the peak of the polygon after light source calculation by YIQ conversion at Step 
S27 in drawing 6 showing solid model drawing processing of the gestalt 1 of operation. Although it is more nearly 
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high-speed not to calculate since I and Q which it is as a result of YIQ conversion do not use it, when the routine which 
already performs YIQ conversion exists, you may calculate I and Q using it. About this, it is the same also with the 
"gestalt 2 of operation. 

[0093] (3) At Step S33 in drawing 6 showing solid model drawing processing of the gestalt 1 of operation, interpolate 
the data of the peak of a polygon and generate the data of the pixel inside a polygon. Since it does not change even if it 
will choose and set up a lightness range which is different by the repeat by Step S35, once it performs this processing, 
the result is saved and you may make it use it. About this, it is the same also with the gestalt 2 of operation. 
[0094] (4) What is necessary is just to perform transparent transformation by Step S33, although light source 
calculation is performed at Step S25 in drawing 6 which shows solid model drawing processing of the gestalt 1 of 
operation while performing transparent transformation. However, it can be managed by it even if the way taken out out 
of the loop by Step S3 5 does not carry out transparent transformation repeatedly. Therefore, computational complexity 
can be reduced if it performs to the timing of Step S25. About this, it is the same also with the gestalt 2 of operation. 
[0095] (5) Although the color for drawing corresponding to the lightness range is calculated beforehand and 
memorized with the gestalt 2 of operation, any of two methods explained with the gestalt 1 of operation are sufficient 
as the calculation method at this time of calculating beforehand, and it may be an option. Furthermore, you may define 
the colors for drawing one by one. Since the color for drawing is prepared beforehand, although execution speed 
becomes quick with the gestalt 2 of operation, it cannot perform simply changing into colors other than the color for 
drawing currently prepared. On the other hand, in calculating using the criteria lightness defined as the lightness range 
table like the gestalt 1 of operation at the time of execution, or it changes a lightness range table, it is effective in the 
ability to change the color for drawing suitably only by changing criteria lightness. 

[0096] (6) Although the gestalt of operation to which the graphics operation section 1 1 1 performs processing of a part 
of solid model drawing processing (Step S3 of drawing 5 ) was indicated with the gestalt of the operation which is on 
the hardware change to be used and was described, even if the graphics operation section 111 performs the whole solid 
model drawing processing, the data-processing section 103 may be made to perform. 

[0097] Moreover, drawing 1 is an example and various change is possible for it. For example, if it is game equipment, 
HDD 107 will not be held but supplying a program and data only from CD-ROM131 will also be considered. It has the 
R/W interface of the memory card for saving data instead of HDD 107 in the interface section 1 17 in that case. 
Moreover, it is arbitrary whether it has a communication interface 115. Since this invention is not related to direct 
sound processing, there is no need of having the sound processing section 109. 

[0098] Moreover, CD-ROM131 may be an example of a record medium, and a floppy disk, a magneto-optic disk, 
DVD-ROM, memorv cartridges, etc. may be other record media. In this case, it is necessary to make it the drive which 
set CD-ROM drive 1 1 3 by the corresponding medium. 

[0099] Furthermore, although the above is the case where this invention is mounted by the computer program, it is 
possible to mount only with the equipment of exclusive use, such as combination of the equipment of exclusive use or 
electronic circuitries, such as a computer program and an electronic circuitry. The thing which are expressed with each 
step of drawing 5 and drawing 6 , or drawing 14 and for which equipment may be constituted for every function and 
equipment is constituted for every those parts or those combination is also considered in that case. 
[0100] As mentioned above, although this invention was concretely explained based on the form of operation, this 
invention is not limited to the form of the above-mentioned implementation, and can be suitably changed in the range 
which does not deviate from the summary. For example, although the form of the above-mentioned implementation 
described the case where this invention was realized by making the usual computer into a platform, this invention may 
realize a home video game machine, an arcade game machine, etc. as a platform. Making a Personal Digital Assistant, 
a car-navigation system, etc. into a platform, and realizing depending on the case, is also considered. 
[0101] Moreover, the program or data for realizing this invention are not limited to the form offered by record media, 
such as removable CD-ROM, to a computer or a game machine. That is, the program and data for realizing this 
invention may be a form which records the above-mentioned program and data on the memory by the side of the 
device of the others on the network 151 connected through the communication line 141, and stores and uses this 
program and data for memory 105 one by one by the communication interface 115 shown in drawing JL if needed 
through a communication line 141. 

[0102] When not using this invention for [example of display] dr awin g 15 , the example of 1 display of the picture at 
the time of interpolating the color of each pixel in a polygon by the color of the peak of a polygon is shown. For 
example, is it the face of the ear neighborhood of the face of the person of a picture center section to a person, applies 
to right-hand side, and signs that lightness changes automatically are known. The example of 1 display of the picture at 
the time of on the other hand drawing with the algorithm of this invention, using the lightness range table on which two 
lightness ranges (threshold) were defined as drawing 16 is shown. The lightness range table currently used by drawing 
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16 is shown in drawing 17 . Here, it is set as criteria lightness 0.60 and two stages to the criteria lightness 0.75 and the 
threshold 0 to the threshold 0.3 125. It turns out that it is distinguished with two steps of lightness, is drawing.] 6 the 
-face of the ear neighborhood of the face of the person of a picture center section to a person, and applying it to right- 
hand side unlike drawing 15 . 

[0103] The picture of a cell animation tone can be acquired by using the algorithm of this invention. In this invention, 
since processing in which compare alpha value and the lightness range which store lightness in the case of the writing 
to a frame buffer, and the write-in propriety of the predetermined color for drawing is judged is only performed too 
much, it changes simply the conventional technology generating a picture like drawing 15 , or generating a picture like 
drawing 1 6 with the algorithm of this invention. Moreover, in drawing cell animation by human being's hand, big 
trouble starts creating the picture of a state with various characters. Moreover, in the game as which the game character 
of a cell animation tone is displayed, the picture of the character from not much many angles cannot be created for the 
same reason. However, if this invention is used, the picture of the cell animation tone in many states can be acquired 
easily, and the trouble can be decreased sharply. 
[0104] 

[Effect of the Invention] As mentioned above, since it was made for the color in a polygon to become settled according 
to the typical lightness assigned to the level of lightness according to the record medium which stored the rendering 
method, the equipment, and the rendering program of this invention and in which computer reading is possible, 
coloring of a cell animation tone is realizable. 
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* NOTICES * 

Japan Patent Of £ ice is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Draw ing 1] 

101 



1000 




i 


l 


y 


f 





161 



161 



[Drawing 2] 



ft 4 

119 



11 



7 U—Jx 

F^S 



213 



m 

121 



[ Drawing 3] 



Page 2 of 7 



400 



s 



mm**** 



410 



***** 



S 



430 



WWW 









455 460 

[Drawing 4] 







0.75 


0.7B 


0. 50 


0.50 


0. 00 


0.25 



[Drawing 5] 

c 



mm 













/ 



S 2 




[Drawing 8] 



MAI 



Kj9 2 



Drawing 


9] 




MM* 




TB 


1.00 


0. 76 


0. 76 


0.74 


0. 50 


0.50 


0.49 


0.00 


0.25 



[Drawing.17] 







0. S125 


0. 75 


0 


0.60 



[Drawing^] 



S21 



± 



1/ 



,827 



S29 



No 



No 



Yes 



, S37 



[Drawing 7] 



Page 4 of 7 



(b) 



15*0 

UXJl?*-* I DXO 
UJj&f*— * I D X 1 



BUC?*-* I DX[H] 



wjar-^ i dx 



aa^r-* i dx 



i dx 



z.xnmm (pq*. poy. 


PQK> 


feJ»-«^ hA> (NO*, NOy, 


NOe) 


H*5£tf» <Plx, Ply, 


?U) 


Y>*> (Nix, Nly. 


Klz) 


• 
• 
• 




P|N-1]*> 


«fe*K* h/t' (NfN-ibi. NtHf-lly, NBMJx) 



[Drawing J 1] 




[Drawing 12] 

P81 



P41 





[ Drawi ng 13] 




[Drawing 14] 



Page 6 of 7 



[ 



v 5 



Stir* y =*>rtaw>#m**>Bflt 





[Drawing 16 ] 




[Translation done.] 



